The First Phylogenetic Analysis of Palpigradi (Arachnida)—The Most Enigmatic Arthropod Order by Giribet, Gonzalo et al.
 
The First Phylogenetic Analysis of Palpigradi (Arachnida)—The
Most Enigmatic Arthropod Order
 
 
(Article begins on next page)
The Harvard community has made this article openly available.
Please share how this access benefits you. Your story matters.
Citation Gonzalo, Gilbert,  McIntyre Erin, Christian Erhard, Espinasa Luis,
Ferreira Rodrigo L., Francke Óscar F., Harvey Mark S., Isaia
Marco, Ková ubomír, McCutchen Lynn, Souza Maysa F. V. R.,
and Zagmajster Maja. 2014. "The First Phylogenetic Analysis of
Palpigradi (Arachnida) – The Most Enigmatic Arthropod Order."
Invertebrate Systematics 28: 350–360. doi: 10.1071/IS13057
Published Version doi:10.1071/IS13057
Accessed February 19, 2015 3:48:32 PM EST
Citable Link http://nrs.harvard.edu/urn-3:HUL.InstRepos:12313557
Terms of Use This article was downloaded from Harvard University's DASH
repository, and is made available under the terms and conditions
applicable to Open Access Policy Articles, as set forth at
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-
use#OAP  1	 ﾠ
The	 ﾠfirst	 ﾠphylogenetic	 ﾠanalysis	 ﾠof	 ﾠPalpigradi	 ﾠ(Arachnida)—the	 ﾠmost	 ﾠ 1 





C,	 ﾠRodrigo	 ﾠL.	 ﾠFerreira
D,	 ﾠÓscar	 ﾠF.	 ﾠ 3 
Francke




I,	 ﾠMaysa	 ﾠF.	 ﾠV.	 ﾠR.	 ﾠ 4 
Souza
D	 ﾠand	 ﾠMaja	 ﾠZagmajster
J	 ﾠ	 ﾠ	 ﾠ 5 
	 ﾠ 6 
AMuseum	 ﾠof	 ﾠComparative	 ﾠZoology,	 ﾠDepartment	 ﾠof	 ﾠOrganismic	 ﾠand	 ﾠEvolutionary	 ﾠBiology,	 ﾠHarvard	 ﾠ 7 
University,	 ﾠ26	 ﾠOxford	 ﾠStreet,	 ﾠCambridge,	 ﾠMA	 ﾠ02138,	 ﾠUSA.	 ﾠ 8 
BInstitut	 ﾠfür	 ﾠZoologie,	 ﾠUniversität	 ﾠfür	 ﾠBodenkultur,	 ﾠGregor-ﾭ‐Mendel-ﾭ‐Straße	 ﾠ33,	 ﾠ1180	 ﾠWien,	 ﾠAustria.	 ﾠ 9 
CSchool	 ﾠof	 ﾠScience,	 ﾠMarist	 ﾠCollege,	 ﾠ3399	 ﾠNorth	 ﾠRoad,	 ﾠPoughkeepsie,	 ﾠNew	 ﾠYork,	 ﾠUSA.	 ﾠ 10 
D	 ﾠCentro	 ﾠde	 ﾠEstudos	 ﾠem	 ﾠBiologia	 ﾠSubterrânea,	 ﾠDepartamento	 ﾠde	 ﾠBiologia,	 ﾠUniversidade	 ﾠFederal	 ﾠ 11 
de	 ﾠLavras,	 ﾠLavras,	 ﾠMG.	 ﾠCEP	 ﾠ37200-ﾭ‐000,	 ﾠBrazil.	 ﾠ 12 
EColección	 ﾠNacional	 ﾠde	 ﾠArácnidos,	 ﾠInstituto	 ﾠde	 ﾠBiologia,	 ﾠUNAM,	 ﾠApartado	 ﾠPostal	 ﾠ70-ﾭ‐153,	 ﾠC.	 ﾠP.	 ﾠ 13 
04510,	 ﾠMexico,	 ﾠD.	 ﾠF.,	 ﾠMexico.	 ﾠ 14 
FDepartment	 ﾠof	 ﾠTerrestrial	 ﾠZoology,	 ﾠWestern	 ﾠAustralian	 ﾠMuseum,	 ﾠLocked	 ﾠBag	 ﾠ49,	 ﾠWelshpool	 ﾠDC,	 ﾠ 15 
WA	 ﾠ	 ﾠ6986,	 ﾠAustralia.	 ﾠ 16 
GDipartimento	 ﾠdi	 ﾠScienze	 ﾠdella	 ﾠVita	 ﾠe	 ﾠBiologia	 ﾠdei	 ﾠSistemi,	 ﾠUniversità	 ﾠdi	 ﾠTorino,	 ﾠVia	 ﾠAccademia	 ﾠ 17 
Albertina	 ﾠ13,	 ﾠ10123	 ﾠTorino,	 ﾠItaly.	 ﾠ 18 
HDepartment	 ﾠof	 ﾠZoology,	 ﾠInstitute	 ﾠof	 ﾠBiology	 ﾠand	 ﾠEcology,	 ﾠFaculty	 ﾠof	 ﾠScience,	 ﾠP.	 ﾠJ.	 ﾠŠafárik	 ﾠ 19 
University,	 ﾠMoyzesova	 ﾠ11,	 ﾠ040	 ﾠ01	 ﾠKošice,	 ﾠSlovakia.	 ﾠ 20 
IDepartment	 ﾠof	 ﾠBiology,	 ﾠKilgore	 ﾠCollege,	 ﾠ1100	 ﾠBroadway,	 ﾠKilgore,	 ﾠTX	 ﾠ75662,	 ﾠUSA.	 ﾠ 21 
JSubBioLab,	 ﾠDepartment	 ﾠof	 ﾠBiology,	 ﾠBiotechnical	 ﾠFaculty,	 ﾠUniversity	 ﾠof	 ﾠLjubljana,	 ﾠVečna	 ﾠpot	 ﾠ111,	 ﾠ 22 
SI-ﾭ‐1000	 ﾠLjubljana,	 ﾠSlovenia.	 ﾠ 23 
KCorresponding	 ﾠauthor.	 ﾠEmail:	 ﾠggiribet@g.harvard.edu	 ﾠ 	 ﾠ 24   2	 ﾠ
Abstract.	 ﾠ Palpigradi	 ﾠare	 ﾠa	 ﾠpoorly	 ﾠunderstood	 ﾠgroup	 ﾠof	 ﾠdelicate	 ﾠarachnids,	 ﾠoften	 ﾠfound	 ﾠin	 ﾠ 25 
caves	 ﾠor	 ﾠother	 ﾠsubterranean	 ﾠhabitats.	 ﾠConcomitantly,	 ﾠthey	 ﾠhave	 ﾠbeen	 ﾠneglected	 ﾠfrom	 ﾠa	 ﾠ 26 
phylogenetic	 ﾠpoint	 ﾠof	 ﾠview.	 ﾠHere	 ﾠwe	 ﾠpresent	 ﾠthe	 ﾠfirst	 ﾠmolecular	 ﾠphylogeny	 ﾠof	 ﾠpalpigrades	 ﾠbased	 ﾠ 27 
on	 ﾠspecimens	 ﾠcollected	 ﾠin	 ﾠdifferent	 ﾠsubterranean	 ﾠhabitats,	 ﾠboth	 ﾠendogean	 ﾠ(soil)	 ﾠand	 ﾠhypogean	 ﾠ 28 
(caves),	 ﾠfrom	 ﾠAustralia,	 ﾠAfrica,	 ﾠEurope,	 ﾠSouth	 ﾠAmerica	 ﾠand	 ﾠNorth	 ﾠAmerica.	 ﾠAnalyses	 ﾠof	 ﾠtwo	 ﾠ 29 
nuclear	 ﾠribosomal	 ﾠgenes	 ﾠand	 ﾠCOI	 ﾠunder	 ﾠan	 ﾠarray	 ﾠof	 ﾠmethods	 ﾠand	 ﾠhomology	 ﾠschemes	 ﾠfound	 ﾠ 30 
monophyly	 ﾠof	 ﾠPalpigradi,	 ﾠEukoeneniidae,	 ﾠand	 ﾠa	 ﾠdivision	 ﾠof	 ﾠEukoeneniidae	 ﾠinto	 ﾠfour	 ﾠmain	 ﾠclades,	 ﾠ 31 
three	 ﾠof	 ﾠwhich	 ﾠinclude	 ﾠsamples	 ﾠfrom	 ﾠmultiple	 ﾠcontinents.	 ﾠThis	 ﾠsupports	 ﾠeither	 ﾠancient	 ﾠvicariance	 ﾠ 32 
or	 ﾠlong-ﾭ‐range	 ﾠdispersal,	 ﾠtwo	 ﾠalternatives	 ﾠwe	 ﾠcannot	 ﾠdistinguish	 ﾠwith	 ﾠthe	 ﾠdata	 ﾠat	 ﾠhand.	 ﾠIn	 ﾠ 33 
addition,	 ﾠwe	 ﾠshow	 ﾠthat	 ﾠour	 ﾠresults	 ﾠare	 ﾠrobust	 ﾠto	 ﾠhomology	 ﾠscheme	 ﾠand	 ﾠanalytical	 ﾠmethod,	 ﾠ 34 
encouraging	 ﾠfurther	 ﾠuse	 ﾠof	 ﾠthe	 ﾠmarkers	 ﾠemployed	 ﾠin	 ﾠthis	 ﾠstudy	 ﾠto	 ﾠcontinue	 ﾠdrawing	 ﾠa	 ﾠbroader	 ﾠ 35 
picture	 ﾠof	 ﾠpalpigrade	 ﾠrelationships.	 ﾠ	 ﾠ 36 
	 ﾠ 37 
	 ﾠ 38 
Additional	 ﾠkeywords:	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 ﾠmicro-ﾭ‐whip	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 ﾠ 39 
biogeography.	 ﾠ 	 ﾠ 40   3	 ﾠ
Introduction	 ﾠ 41 
The	 ﾠarachnid	 ﾠorder	 ﾠPalpigradi	 ﾠ(micro-ﾭ‐whip	 ﾠscorpions	 ﾠor	 ﾠpalpigrades)	 ﾠis	 ﾠone	 ﾠof	 ﾠthe	 ﾠsmallest,	 ﾠ 42 
rarest	 ﾠand	 ﾠmost	 ﾠneglected	 ﾠgroups	 ﾠof	 ﾠterrestrial	 ﾠarthropods,	 ﾠand	 ﾠone	 ﾠof	 ﾠthe	 ﾠlast	 ﾠarachnid	 ﾠorders	 ﾠ 43 
to	 ﾠbe	 ﾠdiscovered—it	 ﾠwas	 ﾠfirst	 ﾠreported	 ﾠonly	 ﾠin	 ﾠ1885	 ﾠ(Grassi	 ﾠand	 ﾠCalandruccio	 ﾠ1885).	 ﾠ	 ﾠThe	 ﾠfirst	 ﾠ 44 
photographs	 ﾠof	 ﾠliving	 ﾠpalpigrades	 ﾠdid	 ﾠnot	 ﾠappear	 ﾠpublished	 ﾠuntil	 ﾠthe	 ﾠfirst	 ﾠdecade	 ﾠof	 ﾠthe	 ﾠ21st	 ﾠ 45 
century	 ﾠ(Kováč	 ﾠet	 ﾠal.	 ﾠ2002;	 ﾠBeccaloni	 ﾠ2009).	 ﾠAdditionally,	 ﾠonly	 ﾠa	 ﾠhandful	 ﾠof	 ﾠDNA	 ﾠsequence	 ﾠdata	 ﾠ 46 
are	 ﾠavailable	 ﾠin	 ﾠGenBank;	 ﾠwith	 ﾠonly	 ﾠ64	 ﾠsequences,	 ﾠ56	 ﾠare	 ﾠfor	 ﾠProkoenenia	 ﾠwheeleri	 ﾠ(Rucker,	 ﾠ 47 
1901),	 ﾠa	 ﾠspecies	 ﾠthat	 ﾠwas	 ﾠpart	 ﾠof	 ﾠa	 ﾠmulti-ﾭ‐gene	 ﾠphylogeny	 ﾠof	 ﾠarthropods	 ﾠ(Regier	 ﾠet	 ﾠal.	 ﾠ2010),	 ﾠ 48 
while	 ﾠthe	 ﾠremaining	 ﾠeight	 ﾠsequences	 ﾠare	 ﾠunidentified	 ﾠspecimens	 ﾠfrom	 ﾠthree	 ﾠstudies	 ﾠon	 ﾠ 49 
chelicerate	 ﾠphylogenetics	 ﾠ(Giribet	 ﾠet	 ﾠal.	 ﾠ2002;	 ﾠPepato	 ﾠet	 ﾠal.	 ﾠ2010;	 ﾠArabi	 ﾠet	 ﾠal.	 ﾠ2012).	 ﾠContrary	 ﾠto	 ﾠ 50 
this,	 ﾠone	 ﾠcan	 ﾠfind	 ﾠmore	 ﾠDNA	 ﾠsequences	 ﾠfor	 ﾠother	 ﾠsmall	 ﾠarachnid	 ﾠorders	 ﾠin	 ﾠGenBank:	 ﾠ105	 ﾠfor	 ﾠ 51 
Uropygi,	 ﾠ200	 ﾠfor	 ﾠSchizomida,	 ﾠ200	 ﾠfor	 ﾠRicinulei,	 ﾠ251	 ﾠfor	 ﾠAmblypygi,	 ﾠand	 ﾠ502	 ﾠfor	 ﾠPseudoscorpiones,	 ﾠ 52 
[checked	 ﾠon	 ﾠOctober	 ﾠ25th,	 ﾠ2013].	 ﾠIn	 ﾠaddition,	 ﾠthere	 ﾠare	 ﾠonly	 ﾠ2	 ﾠsequences	 ﾠavailable	 ﾠin	 ﾠthe	 ﾠ 53 
Barcode	 ﾠof	 ﾠLife	 ﾠwebsite	 ﾠ(http://www.barcodinglife.org).	 ﾠ 54 
Palpigrades	 ﾠare	 ﾠdelicate	 ﾠanimals	 ﾠthat	 ﾠwalk	 ﾠsensing	 ﾠthe	 ﾠsubstrate	 ﾠwith	 ﾠwhat	 ﾠseems	 ﾠa	 ﾠnervous	 ﾠ 55 
behaviour	 ﾠof	 ﾠthe	 ﾠfirst	 ﾠpair	 ﾠof	 ﾠwalking	 ﾠlegs,	 ﾠand	 ﾠuse	 ﾠtheir	 ﾠunmodified	 ﾠpalps	 ﾠfor	 ﾠwalking,	 ﾠunlike	 ﾠall	 ﾠ 56 
other	 ﾠarachnids	 ﾠ(Fig.	 ﾠ1).	 ﾠWhile	 ﾠmoving,	 ﾠmost	 ﾠpalpigrades	 ﾠkeep	 ﾠthe	 ﾠflagellum	 ﾠupward,	 ﾠmoving	 ﾠit	 ﾠ 57 
laterally.	 ﾠAccordingly,	 ﾠit	 ﾠis	 ﾠpossible	 ﾠthat	 ﾠthe	 ﾠuplifted	 ﾠflagellum	 ﾠis	 ﾠassociated	 ﾠwith	 ﾠperception	 ﾠof	 ﾠ 58 
the	 ﾠenvironment	 ﾠ(Ferreira	 ﾠand	 ﾠSouza	 ﾠ2012).	 ﾠThese	 ﾠsmall,	 ﾠdepigmented	 ﾠand	 ﾠhighly	 ﾠtranslucent	 ﾠ 59 
arachnids	 ﾠrange	 ﾠin	 ﾠsize	 ﾠfrom	 ﾠ0.65	 ﾠmm	 ﾠin	 ﾠEukoenenia	 ﾠgrassii	 ﾠ(Hansen,	 ﾠ1901)	 ﾠto	 ﾠ2.4	 ﾠmm	 ﾠin	 ﾠthe	 ﾠ 60 
“giant”	 ﾠE.	 ﾠdraco	 ﾠ(Peyerimhoff,	 ﾠ1906)	 ﾠfrom	 ﾠcaves	 ﾠon	 ﾠthe	 ﾠisland	 ﾠof	 ﾠMajorca	 ﾠ(Mayoral	 ﾠand	 ﾠBarranco	 ﾠ 61 
2013).	 ﾠEukoenenia	 ﾠspelaea	 ﾠ(Peyerimhoff,	 ﾠ1902)	 ﾠfrom	 ﾠSlovakia	 ﾠhas	 ﾠrecently	 ﾠbeen	 ﾠreported	 ﾠto	 ﾠ 62 
feed	 ﾠon	 ﾠheterotrophic	 ﾠCyanobacteria	 ﾠ(Smrž	 ﾠet	 ﾠal.	 ﾠ2013).	 ﾠThe	 ﾠmode	 ﾠof	 ﾠsperm	 ﾠtransfer	 ﾠin	 ﾠthese	 ﾠ 63 
arachnids	 ﾠremains	 ﾠunknown.	 ﾠ 64 
The	 ﾠliving	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠorder	 ﾠare	 ﾠcurrently	 ﾠdivided	 ﾠin	 ﾠtwo	 ﾠfamilies,	 ﾠEukoeneniidae	 ﾠ 65 
Petrunkevitch,	 ﾠ1955,	 ﾠwith	 ﾠ4	 ﾠgenera	 ﾠand	 ﾠ85	 ﾠnamed	 ﾠspecies,	 ﾠand	 ﾠProkoeneniidae	 ﾠCondé,	 ﾠ1996,	 ﾠ 66 
with	 ﾠ2	 ﾠgenera	 ﾠand	 ﾠ7	 ﾠnamed	 ﾠspecies	 ﾠ(Harvey	 ﾠ2002;	 ﾠPrendini	 ﾠ2011;	 ﾠSouza	 ﾠand	 ﾠFerreira	 ﾠ2013).	 ﾠ 67 
Eukoeneniidae	 ﾠincludes	 ﾠthe	 ﾠgenera	 ﾠAllokoenenia	 ﾠSilvestri,	 ﾠ1913	 ﾠ(1	 ﾠsp.	 ﾠfrom	 ﾠWest	 ﾠAfrica),	 ﾠ 68 
Eukoenenia	 ﾠBörner,	 ﾠ1901	 ﾠ(71	 ﾠspp.,	 ﾠon	 ﾠall	 ﾠcontinents	 ﾠunder	 ﾠtropical	 ﾠand	 ﾠsubtropical	 ﾠclimate;	 ﾠin	 ﾠ 69 
temperate	 ﾠregions	 ﾠpredominantly	 ﾠin	 ﾠcaves),	 ﾠKoeneniodes	 ﾠSilvestri,	 ﾠ1913	 ﾠ(8	 ﾠPalaeotropical	 ﾠspp.)	 ﾠ 70 
and	 ﾠLeptokoenenia	 ﾠCondé,	 ﾠ1965	 ﾠ(5	 ﾠspp.	 ﾠin	 ﾠthe	 ﾠAfrotropical,	 ﾠNeotropical	 ﾠand	 ﾠPalearctic	 ﾠregions).	 ﾠ 71   4	 ﾠ
Prokoeneniidae	 ﾠincludes	 ﾠthe	 ﾠgenera	 ﾠProkoenenia	 ﾠBörner,	 ﾠ1901	 ﾠ(6	 ﾠspp.	 ﾠin	 ﾠthe	 ﾠNearctic,	 ﾠ 72 
Neotropical	 ﾠand	 ﾠOriental	 ﾠregions)	 ﾠand	 ﾠTriadokoenenia	 ﾠCondé,	 ﾠ1991	 ﾠ(1	 ﾠsp.	 ﾠfrom	 ﾠMadagascar).	 ﾠ 73 
Further	 ﾠunnamed	 ﾠnew	 ﾠspecies	 ﾠare	 ﾠknown	 ﾠto	 ﾠus	 ﾠfrom	 ﾠvarious	 ﾠparts	 ﾠof	 ﾠthe	 ﾠworld.	 ﾠ 74 
The	 ﾠposition	 ﾠof	 ﾠPalpigradi	 ﾠamong	 ﾠthe	 ﾠarachnid	 ﾠorders	 ﾠremains	 ﾠhighly	 ﾠdebated.	 ﾠThe	 ﾠlargest	 ﾠset	 ﾠof	 ﾠ 75 
data	 ﾠanalysed	 ﾠto	 ﾠdate	 ﾠplaces	 ﾠthem	 ﾠas	 ﾠthe	 ﾠsister	 ﾠgroup	 ﾠto	 ﾠAcariformes	 ﾠmites	 ﾠin	 ﾠa	 ﾠbasal	 ﾠposition	 ﾠ 76 
within	 ﾠarachnids,	 ﾠalthough	 ﾠwithout	 ﾠsupport	 ﾠ(Regier	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠThe	 ﾠmost	 ﾠrecent	 ﾠmorphological	 ﾠ 77 
cladistic	 ﾠanalysis	 ﾠof	 ﾠarachnid	 ﾠrelationships	 ﾠleaves	 ﾠthem	 ﾠmostly	 ﾠunresolved	 ﾠamong	 ﾠthe	 ﾠclades	 ﾠ 78 
Stomothecata,	 ﾠHaplocnemata,	 ﾠPantetrapulmonata,	 ﾠand	 ﾠAcaromorpha	 ﾠ(Shultz	 ﾠ2007).	 ﾠEarlier	 ﾠ 79 
studies	 ﾠcombining	 ﾠmorphology	 ﾠand	 ﾠa	 ﾠsmall	 ﾠset	 ﾠof	 ﾠmolecular	 ﾠdata	 ﾠplaced	 ﾠPalpigradi	 ﾠas	 ﾠthe	 ﾠsister	 ﾠ 80 
group	 ﾠof	 ﾠRicinulei	 ﾠ+	 ﾠTetrapulmonata	 ﾠor	 ﾠas	 ﾠsister	 ﾠto	 ﾠPycnogonida	 ﾠwhen	 ﾠfossils	 ﾠwere	 ﾠconsidered,	 ﾠ 81 
although	 ﾠagain,	 ﾠwithout	 ﾠsignificant	 ﾠclade	 ﾠsupport	 ﾠ(Giribet	 ﾠet	 ﾠal.	 ﾠ2002);	 ﾠas	 ﾠsister	 ﾠto	 ﾠa	 ﾠclade	 ﾠ 82 
including	 ﾠAcari	 ﾠand	 ﾠSolifugae,	 ﾠbased	 ﾠon	 ﾠthe	 ﾠsame	 ﾠtwo	 ﾠmarkers	 ﾠused	 ﾠin	 ﾠearlier	 ﾠstudies	 ﾠ(Pepato	 ﾠet	 ﾠ 83 
al.	 ﾠ2010);	 ﾠor	 ﾠin	 ﾠan	 ﾠunresolved	 ﾠposition	 ﾠwithin	 ﾠarachnids	 ﾠ(Arabi	 ﾠet	 ﾠal.	 ﾠ2012).	 ﾠEven	 ﾠless	 ﾠis	 ﾠknown	 ﾠ 84 
about	 ﾠthe	 ﾠinternal	 ﾠrelationships	 ﾠof	 ﾠthe	 ﾠgroup,	 ﾠsince	 ﾠno	 ﾠpublished	 ﾠstudy—molecular	 ﾠor	 ﾠ 85 
morphological—has	 ﾠyet	 ﾠincorporated	 ﾠinformation	 ﾠfor	 ﾠmore	 ﾠthan	 ﾠone	 ﾠpalpigrade	 ﾠspecies,	 ﾠand	 ﾠ 86 
only	 ﾠone	 ﾠunpublished	 ﾠmasters	 ﾠthesis	 ﾠhas	 ﾠexplored	 ﾠpalpigrade	 ﾠrelationships	 ﾠcladistically,	 ﾠusing	 ﾠ 87 
morphology	 ﾠ(Montaño	 ﾠMoreno	 ﾠ2008).	 ﾠ 88 
To	 ﾠbridge	 ﾠthis	 ﾠimportant	 ﾠgap	 ﾠin	 ﾠthe	 ﾠknowledge	 ﾠof	 ﾠthis	 ﾠarachnid	 ﾠorder,	 ﾠalthough	 ﾠacknowledging	 ﾠ 89 
the	 ﾠdifficulties	 ﾠin	 ﾠsampling	 ﾠand	 ﾠidentification	 ﾠof	 ﾠthese	 ﾠelusive	 ﾠanimals,	 ﾠwe	 ﾠobtained	 ﾠsamples	 ﾠfor	 ﾠ 90 
as	 ﾠmany	 ﾠspecies	 ﾠof	 ﾠpalpigrades	 ﾠas	 ﾠpossible	 ﾠand	 ﾠfrom	 ﾠas	 ﾠmany	 ﾠlocalities	 ﾠas	 ﾠpossible	 ﾠwith	 ﾠthe	 ﾠaim	 ﾠ 91 
to	 ﾠobtain	 ﾠmolecular	 ﾠDNA	 ﾠsequence	 ﾠdata	 ﾠto	 ﾠgenerate	 ﾠa	 ﾠfirst	 ﾠhypothesis	 ﾠof	 ﾠinternal	 ﾠpalpigrade	 ﾠ 92 
relationships.	 ﾠ	 ﾠ 93 
	 ﾠ 94 
Materials	 ﾠand	 ﾠMethods	 ﾠ 95 
Taxon	 ﾠsampling	 ﾠ 96 
Palpigrades	 ﾠare	 ﾠdifficult	 ﾠto	 ﾠobtain	 ﾠand	 ﾠidentify,	 ﾠand	 ﾠsuccess	 ﾠof	 ﾠfield	 ﾠsampling	 ﾠdiffered	 ﾠamong	 ﾠ 97 
regions	 ﾠincluded	 ﾠin	 ﾠthe	 ﾠstudy.	 ﾠIn	 ﾠWestern	 ﾠAustralia,	 ﾠmany	 ﾠsamples	 ﾠwere	 ﾠcollected	 ﾠindirectly	 ﾠin	 ﾠ 98 
caves	 ﾠand	 ﾠbore	 ﾠholes.	 ﾠIn	 ﾠBrazil	 ﾠand	 ﾠEurope,	 ﾠthey	 ﾠcan	 ﾠbe	 ﾠabundant	 ﾠin	 ﾠcaves,	 ﾠwhere	 ﾠfresh	 ﾠ 99 
specimens	 ﾠhave	 ﾠrecently	 ﾠbecome	 ﾠavailable	 ﾠfor	 ﾠinclusion	 ﾠin	 ﾠmolecular	 ﾠstudies.	 ﾠAdditional	 ﾠsamples	 ﾠ 100   5	 ﾠ
were	 ﾠfrom	 ﾠsoil	 ﾠsamples	 ﾠin	 ﾠAustralia,	 ﾠItaly	 ﾠand	 ﾠthe	 ﾠUSA.	 ﾠIn	 ﾠaddition	 ﾠto	 ﾠfresh	 ﾠmaterial	 ﾠcollected	 ﾠfor	 ﾠ 101 
this	 ﾠstudy,	 ﾠolder	 ﾠspecimens	 ﾠwere	 ﾠused,	 ﾠespecially	 ﾠfrom	 ﾠthe	 ﾠdiverse	 ﾠcave	 ﾠsystems	 ﾠin	 ﾠBrazil,	 ﾠwhere	 ﾠ 102 
several	 ﾠnew	 ﾠspecies	 ﾠhave	 ﾠbeen	 ﾠrecently	 ﾠdescribed	 ﾠ(Souza	 ﾠand	 ﾠFerreira	 ﾠ2010;	 ﾠFerreira	 ﾠet	 ﾠal.	 ﾠ2011;	 ﾠ 103 
Souza	 ﾠand	 ﾠFerreira	 ﾠ2011a;	 ﾠSouza	 ﾠand	 ﾠFerreira	 ﾠ2011b;	 ﾠSouza	 ﾠand	 ﾠFerreira	 ﾠ2012a;	 ﾠSouza	 ﾠand	 ﾠ 104 
Ferreira	 ﾠ2012b).	 ﾠWhile	 ﾠa	 ﾠrecently	 ﾠcollected	 ﾠspecimen	 ﾠof	 ﾠEukoenenia	 ﾠferratilis	 ﾠSouza	 ﾠ&	 ﾠFerreira,	 ﾠ 105 
2011	 ﾠamplified	 ﾠwell	 ﾠfor	 ﾠsome	 ﾠof	 ﾠthe	 ﾠstudied	 ﾠmarkers,	 ﾠnone	 ﾠof	 ﾠthe	 ﾠsix	 ﾠspecimens	 ﾠof	 ﾠAllokoenenia	 ﾠ 106 
spp.	 ﾠand	 ﾠthe	 ﾠtwo	 ﾠspecimens	 ﾠof	 ﾠLeptokoenenia	 ﾠsp.	 ﾠcollected	 ﾠfrom	 ﾠthe	 ﾠcaves	 ﾠyielded	 ﾠworkable	 ﾠ 107 
DNA.	 ﾠWe	 ﾠalso	 ﾠobtained	 ﾠa	 ﾠrelatively	 ﾠlarge	 ﾠcollection	 ﾠof	 ﾠspecimens	 ﾠfrom	 ﾠthe	 ﾠWestern	 ﾠAustralian	 ﾠ 108 
bore	 ﾠholes	 ﾠfrom	 ﾠBarrow	 ﾠIsland	 ﾠand	 ﾠthe	 ﾠPilbara,	 ﾠbut	 ﾠthese	 ﾠwere	 ﾠcollected	 ﾠfrom	 ﾠlitter	 ﾠtraps	 ﾠand	 ﾠ 109 
many	 ﾠspecimens	 ﾠdid	 ﾠnot	 ﾠamplify	 ﾠor	 ﾠonly	 ﾠyielded	 ﾠsome	 ﾠamplicons.	 ﾠSome	 ﾠof	 ﾠthese	 ﾠspecimens	 ﾠare	 ﾠ 110 
probably	 ﾠrelated	 ﾠto	 ﾠthe	 ﾠWestern	 ﾠAustralian	 ﾠendemic	 ﾠE.	 ﾠguzikae	 ﾠBarranco	 ﾠ&	 ﾠHarvey,	 ﾠ2008,	 ﾠbut	 ﾠ 111 
unrelated	 ﾠto	 ﾠthe	 ﾠmore	 ﾠwidespread	 ﾠspecies	 ﾠE.	 ﾠmirabilis	 ﾠ(Grassi	 ﾠ&	 ﾠCalandruccio,	 ﾠ1885),	 ﾠalso	 ﾠfound	 ﾠ 112 
in	 ﾠWestern	 ﾠAustralia	 ﾠ(Harvey	 ﾠet	 ﾠal.	 ﾠ2006;	 ﾠBarranco	 ﾠand	 ﾠHarvey	 ﾠ2008).	 ﾠA	 ﾠsingle	 ﾠspecimen	 ﾠof	 ﾠ 113 
Prokoenenia	 ﾠwheeleri	 ﾠwas	 ﾠobtained	 ﾠfrom	 ﾠthe	 ﾠAustin	 ﾠarea	 ﾠ(Texas,	 ﾠUSA),	 ﾠbut	 ﾠamplified	 ﾠwell	 ﾠfor	 ﾠall	 ﾠ 114 
fragments	 ﾠattempted.	 ﾠIn	 ﾠaddition,	 ﾠwe	 ﾠobtained	 ﾠsamples	 ﾠof	 ﾠEukoenenia	 ﾠmirabilis	 ﾠfrom	 ﾠItaly	 ﾠ 115 
(Christian	 ﾠet	 ﾠal.	 ﾠ2010)	 ﾠand	 ﾠAustralia	 ﾠ(Harvey	 ﾠet	 ﾠal.	 ﾠ2006),	 ﾠE.	 ﾠspelaea	 ﾠ(Peyerimhoff,	 ﾠ1902)	 ﾠfrom	 ﾠ 116 
multiple	 ﾠlocalities	 ﾠin	 ﾠSlovenia	 ﾠand	 ﾠSlovakia	 ﾠ(Kováč	 ﾠet	 ﾠal.	 ﾠ2002;	 ﾠZagmajster	 ﾠand	 ﾠKováč	 ﾠ2006;	 ﾠKrál	 ﾠet	 ﾠ 117 
al.	 ﾠ2008).	 ﾠItalian	 ﾠsamples	 ﾠalso	 ﾠinclude	 ﾠE.	 ﾠbonadonai	 ﾠCondé,	 ﾠ1979	 ﾠand	 ﾠE.	 ﾠstrinatii	 ﾠCondé,	 ﾠ1977,	 ﾠ 118 
collected	 ﾠin	 ﾠcaves.	 ﾠWe	 ﾠalso	 ﾠincluded	 ﾠspecimens	 ﾠfrom	 ﾠmultiple	 ﾠlocalities	 ﾠfrom	 ﾠthe	 ﾠhanseni-ﾭ‐ 119 
chilanga	 ﾠgroup	 ﾠof	 ﾠEukoenenia	 ﾠfrom	 ﾠMexico	 ﾠand	 ﾠthe	 ﾠUSA	 ﾠ(Montaño-ﾭ‐Moreno	 ﾠ2012).	 ﾠAdditional	 ﾠ 120 
specimens	 ﾠcome	 ﾠfrom	 ﾠMexican	 ﾠcaves	 ﾠand	 ﾠSouth	 ﾠAfrica.	 ﾠDetails	 ﾠon	 ﾠcollecting	 ﾠlocalities	 ﾠare	 ﾠ 121 
available	 ﾠin	 ﾠTable	 ﾠ1	 ﾠand	 ﾠin	 ﾠMCZBASE	 ﾠ(http://mczbase.mcz.harvard.edu/SpecimenSearch.cfm).	 ﾠ 122 
Vouchers	 ﾠor	 ﾠadditional	 ﾠspecimens	 ﾠare	 ﾠdeposited	 ﾠin	 ﾠthe	 ﾠMuseum	 ﾠof	 ﾠComparative	 ﾠZoology,	 ﾠ 123 
Harvard	 ﾠUniversity	 ﾠ(MCZ),	 ﾠand	 ﾠin	 ﾠthe	 ﾠWestern	 ﾠAustralian	 ﾠMuseum	 ﾠ(WAM).	 ﾠ 124 
We	 ﾠincluded	 ﾠthree	 ﾠspecies	 ﾠavailable	 ﾠin	 ﾠGenBank,	 ﾠone	 ﾠfrom	 ﾠSouth	 ﾠAfrica	 ﾠsequenced	 ﾠby	 ﾠ 125 
Giribet	 ﾠet	 ﾠal.	 ﾠ(2002),	 ﾠone	 ﾠfrom	 ﾠBrazil	 ﾠfrom	 ﾠPepato	 ﾠet	 ﾠal.	 ﾠ(2010),	 ﾠand	 ﾠone	 ﾠof	 ﾠunknown	 ﾠorigin	 ﾠ 126 
published	 ﾠby	 ﾠArabi	 ﾠet	 ﾠal.	 ﾠ(2012).	 ﾠHere	 ﾠwe	 ﾠadded	 ﾠsequences	 ﾠfrom	 ﾠan	 ﾠadditional	 ﾠSouth	 ﾠAfrican	 ﾠ 127 
specimen	 ﾠfrom	 ﾠthe	 ﾠsame	 ﾠcollection	 ﾠof	 ﾠthat	 ﾠfrom	 ﾠGiribet	 ﾠet	 ﾠal.	 ﾠ(2002),	 ﾠand	 ﾠa	 ﾠspecimen	 ﾠof	 ﾠE.	 ﾠ 128 
ferratilis	 ﾠfrom	 ﾠBrazil,	 ﾠwhich	 ﾠwas	 ﾠidentical	 ﾠto	 ﾠthe	 ﾠspecimen	 ﾠreported	 ﾠby	 ﾠPepato	 ﾠet	 ﾠal.	 ﾠ(2010)	 ﾠas	 ﾠ 129 
Eukoenenia	 ﾠsp.,	 ﾠand	 ﾠto	 ﾠwhich	 ﾠwe	 ﾠrefer	 ﾠto	 ﾠas	 ﾠE.	 ﾠcf.	 ﾠferratilis	 ﾠin	 ﾠthe	 ﾠpresent	 ﾠstudy.	 ﾠOutgroup	 ﾠtaxa	 ﾠ 130 
were	 ﾠselected	 ﾠfrom	 ﾠGenBank	 ﾠ(Table	 ﾠ2),	 ﾠmostly	 ﾠfrom	 ﾠprevious	 ﾠstudies	 ﾠon	 ﾠarthropod	 ﾠor	 ﾠarachnid	 ﾠ 131 
phylogeny	 ﾠusing	 ﾠnuclear	 ﾠribosomal	 ﾠgenes	 ﾠ(Giribet	 ﾠet	 ﾠal.	 ﾠ2002;	 ﾠMallatt	 ﾠand	 ﾠGiribet	 ﾠ2006).	 ﾠ 132   6	 ﾠ
	 ﾠ 133 
Molecular	 ﾠmethods	 ﾠ 134 
Although	 ﾠwe	 ﾠattempted	 ﾠto	 ﾠamplify	 ﾠand	 ﾠsequence	 ﾠfive	 ﾠmolecular	 ﾠmarkers	 ﾠtypically	 ﾠused	 ﾠin	 ﾠother	 ﾠ 135 
analyses	 ﾠof	 ﾠarachnid	 ﾠsystematics	 ﾠ(e.g.,	 ﾠDimitrov	 ﾠet	 ﾠal.	 ﾠ2012;	 ﾠGiribet	 ﾠet	 ﾠal.	 ﾠ2012),	 ﾠthe	 ﾠ 136 
mitochondrial	 ﾠ16S	 ﾠrRNA	 ﾠgene	 ﾠonly	 ﾠamplified	 ﾠfor	 ﾠProkoenenia	 ﾠwheeleri	 ﾠand	 ﾠthe	 ﾠnuclear	 ﾠprotein-ﾭ‐ 137 
encoding	 ﾠgene	 ﾠhistone	 ﾠH3,	 ﾠalthough	 ﾠamplified	 ﾠfor	 ﾠseveral	 ﾠsamples,	 ﾠdid	 ﾠnot	 ﾠproduce	 ﾠclean	 ﾠreads.	 ﾠ 138 
We	 ﾠthus	 ﾠrestricted	 ﾠour	 ﾠstudy	 ﾠto	 ﾠthe	 ﾠtwo	 ﾠbroadly	 ﾠavailable	 ﾠnuclear	 ﾠribosomal	 ﾠgenes,	 ﾠthe	 ﾠ 139 
complete	 ﾠ18S	 ﾠrRNA	 ﾠand	 ﾠca.	 ﾠ2.2	 ﾠKb	 ﾠof	 ﾠ28S	 ﾠrRNA,	 ﾠand	 ﾠthe	 ﾠmitochondrial	 ﾠprotein-ﾭ‐encoding	 ﾠ 140 
cytochrome	 ﾠc	 ﾠoxidase	 ﾠsubunit	 ﾠI	 ﾠ(COI	 ﾠhereafter)	 ﾠ(as	 ﾠin	 ﾠMurienne	 ﾠet	 ﾠal.	 ﾠ2008),	 ﾠalthough	 ﾠthe	 ﾠlatter	 ﾠ 141 
gene	 ﾠonly	 ﾠamplified	 ﾠfor	 ﾠabout	 ﾠa	 ﾠthird	 ﾠof	 ﾠthe	 ﾠspecimens	 ﾠ(Table	 ﾠ1).	 ﾠFor	 ﾠtwo	 ﾠof	 ﾠthe	 ﾠbore-ﾭ‐hole	 ﾠ 142 
Western	 ﾠAustralian	 ﾠspecimens,	 ﾠpoorly	 ﾠpreserved,	 ﾠonly	 ﾠthe	 ﾠmiddle	 ﾠamplicon	 ﾠof	 ﾠ28S	 ﾠrRNA	 ﾠworked.	 ﾠ 143 
Total	 ﾠDNA	 ﾠwas	 ﾠextracted	 ﾠfrom	 ﾠwhole	 ﾠspecimens	 ﾠor	 ﾠfrom	 ﾠthe	 ﾠopisthosomal	 ﾠregion	 ﾠusing	 ﾠ 144 
Qiagen’s	 ﾠDNEasy®	 ﾠtissue	 ﾠkit	 ﾠ(Valencia,	 ﾠCA,	 ﾠUSA).	 ﾠAlthough	 ﾠwe	 ﾠwere	 ﾠaiming	 ﾠto	 ﾠpreserve	 ﾠthe	 ﾠ 145 
digested	 ﾠcarcass	 ﾠas	 ﾠa	 ﾠmorphological	 ﾠvoucher,	 ﾠit	 ﾠwas	 ﾠcompletely	 ﾠdigested	 ﾠand	 ﾠnot	 ﾠrecoverable.	 ﾠ 146 
Purified	 ﾠgenomic	 ﾠDNA	 ﾠwas	 ﾠused	 ﾠas	 ﾠa	 ﾠtemplate	 ﾠfor	 ﾠPolymerase	 ﾠchain	 ﾠreactions	 ﾠ(PCR)	 ﾠ 147 
amplification.	 ﾠPCR,	 ﾠvisualization	 ﾠby	 ﾠagarose	 ﾠgel	 ﾠelectrophoresis,	 ﾠand	 ﾠdirect	 ﾠsequencing	 ﾠwere	 ﾠ 148 
conducted	 ﾠfor	 ﾠmost	 ﾠspecimens	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠearlier	 ﾠwork,	 ﾠe.g.,	 ﾠEdgecombe	 ﾠand	 ﾠGiribet	 ﾠ(2009).	 ﾠ 149 
Chromatograms	 ﾠobtained	 ﾠfrom	 ﾠthe	 ﾠautomatic	 ﾠsequencer	 ﾠwere	 ﾠread	 ﾠand	 ﾠsequences	 ﾠassembled	 ﾠ 150 
using	 ﾠthe	 ﾠsequence	 ﾠediting	 ﾠsoftware	 ﾠSequencher™	 ﾠ(Gene	 ﾠCodes	 ﾠCorporation,	 ﾠAnn	 ﾠArbor,	 ﾠMI,	 ﾠ 151 
USA).	 ﾠSequence	 ﾠdata	 ﾠwere	 ﾠedited	 ﾠin	 ﾠMacGDE	 ﾠ(Linton	 ﾠ2005).	 ﾠThe	 ﾠthree	 ﾠgenes	 ﾠwere	 ﾠanalysed	 ﾠas	 ﾠ 152 
follows:	 ﾠ 153 
18S	 ﾠrRNA:	 ﾠThis	 ﾠmarker	 ﾠwas	 ﾠamplified	 ﾠin	 ﾠthree	 ﾠamplicons	 ﾠ(a,	 ﾠb,	 ﾠc),	 ﾠas	 ﾠin	 ﾠprevious	 ﾠstudies	 ﾠ 154 
(Edgecombe	 ﾠand	 ﾠGiribet	 ﾠ2009;	 ﾠGiribet	 ﾠet	 ﾠal.	 ﾠ2010;	 ﾠGiribet	 ﾠet	 ﾠal.	 ﾠ2012).	 ﾠIn	 ﾠthe	 ﾠpresent	 ﾠstudy	 ﾠwe	 ﾠ 155 
include	 ﾠ27	 ﾠpalpigrade	 ﾠspecimens	 ﾠplus	 ﾠ8	 ﾠoutgroups,	 ﾠfor	 ﾠa	 ﾠtotal	 ﾠof	 ﾠ1760-ﾭ‐1771	 ﾠbp	 ﾠper	 ﾠcomplete	 ﾠ 156 
sequence	 ﾠ(up	 ﾠto	 ﾠ1805	 ﾠbp	 ﾠfor	 ﾠone	 ﾠof	 ﾠthe	 ﾠoutgroups).	 ﾠFrom	 ﾠthe	 ﾠ27	 ﾠpalpigrade	 ﾠsequences	 ﾠall	 ﾠbut	 ﾠ 157 
three	 ﾠwere	 ﾠcomplete;	 ﾠE.	 ﾠspelaea	 ﾠis	 ﾠmissing	 ﾠfragment	 ﾠa	 ﾠand	 ﾠthe	 ﾠsample	 ﾠof	 ﾠEukoenenia	 ﾠfrom	 ﾠSouth	 ﾠ 158 
Africa	 ﾠ(DNA100456.2)	 ﾠis	 ﾠmissing	 ﾠfragment	 ﾠb.	 ﾠFor	 ﾠthe	 ﾠdirect	 ﾠoptimization	 ﾠanalyses	 ﾠthe	 ﾠthree	 ﾠ 159 
amplicons	 ﾠwere	 ﾠtreated	 ﾠas	 ﾠa	 ﾠsingle	 ﾠinput	 ﾠfile,	 ﾠcontaining	 ﾠ23	 ﾠsequences,	 ﾠand	 ﾠdivided	 ﾠinto	 ﾠsix	 ﾠ 160 
fragments.	 ﾠThe	 ﾠthree	 ﾠamplicons	 ﾠwere	 ﾠconcatenated	 ﾠfor	 ﾠthe	 ﾠstatic	 ﾠalignment	 ﾠanalyses.	 ﾠ 161   7	 ﾠ
28S	 ﾠrRNA:	 ﾠThis	 ﾠnuclear	 ﾠgene	 ﾠwas	 ﾠamplified	 ﾠin	 ﾠthree	 ﾠamplicons	 ﾠ(a,	 ﾠb,	 ﾠc),	 ﾠas	 ﾠdescribed	 ﾠin	 ﾠ 162 
Giribet	 ﾠand	 ﾠShear	 ﾠ(2010).	 ﾠThe	 ﾠdata	 ﾠset	 ﾠincludes	 ﾠ29	 ﾠpalpigrade	 ﾠspecimens	 ﾠplus	 ﾠ8	 ﾠoutgroups,	 ﾠfor	 ﾠa	 ﾠ 163 
total	 ﾠof	 ﾠ2,150	 ﾠto	 ﾠ2,204	 ﾠbp,	 ﾠwith	 ﾠsome	 ﾠlength	 ﾠvariation	 ﾠamong	 ﾠspecies.	 ﾠThese	 ﾠthree	 ﾠfragments	 ﾠ 164 
correspond	 ﾠto	 ﾠprimer	 ﾠpairs	 ﾠ28S	 ﾠrd1a—28D	 ﾠrd4b,	 ﾠ28Sa—28S	 ﾠrd5b,	 ﾠand	 ﾠ28S	 ﾠrd4.8a—28S	 ﾠrd7b1.	 ﾠ 165 
Some	 ﾠof	 ﾠthe	 ﾠpublished	 ﾠsequences	 ﾠwere	 ﾠamplified	 ﾠwith	 ﾠa	 ﾠshorter	 ﾠfragment	 ﾠb,	 ﾠgenerated	 ﾠwith	 ﾠ 166 
primers	 ﾠ28Sa—28Sb	 ﾠ(Whiting	 ﾠet	 ﾠal.	 ﾠ1997),	 ﾠand	 ﾠtherefore	 ﾠfragment	 ﾠb	 ﾠwas	 ﾠdivided	 ﾠinto	 ﾠfragments	 ﾠ 167 
b1	 ﾠand	 ﾠb2	 ﾠto	 ﾠaccommodate	 ﾠthese	 ﾠtwo	 ﾠamplicons.	 ﾠFragment	 ﾠa	 ﾠwas	 ﾠavailable	 ﾠfor	 ﾠ22	 ﾠpalpigrades	 ﾠ 168 
and	 ﾠdivided	 ﾠinto	 ﾠthree	 ﾠfragments,	 ﾠfragment	 ﾠb	 ﾠfor	 ﾠ29	 ﾠpalpigrades	 ﾠand	 ﾠthree	 ﾠfragments,	 ﾠand	 ﾠ 169 
fragment	 ﾠc	 ﾠfor	 ﾠ25	 ﾠpalpigrades	 ﾠand	 ﾠanalysed	 ﾠas	 ﾠa	 ﾠsingle	 ﾠfragment.	 ﾠThese	 ﾠwere	 ﾠtreated	 ﾠas	 ﾠthree	 ﾠ 170 
different	 ﾠamplicons	 ﾠfor	 ﾠthe	 ﾠdynamic	 ﾠhomology	 ﾠanalyses,	 ﾠbut	 ﾠaligned	 ﾠtogether	 ﾠfor	 ﾠthe	 ﾠstatic	 ﾠ 171 
homology	 ﾠapproaches.	 ﾠ 172 
COI:	 ﾠThis	 ﾠwidely	 ﾠused	 ﾠmitochondrial	 ﾠmarker	 ﾠamplified	 ﾠfor	 ﾠten	 ﾠpalpigrade	 ﾠterminals	 ﾠin	 ﾠa	 ﾠ 173 
single	 ﾠamplicon	 ﾠusing	 ﾠprimers	 ﾠLCO—HCO,	 ﾠshowing	 ﾠno	 ﾠlength	 ﾠvariation	 ﾠ(654	 ﾠbp	 ﾠanalysed),	 ﾠplus	 ﾠ 174 
one	 ﾠwas	 ﾠavailable	 ﾠin	 ﾠGenBank.	 ﾠCOI	 ﾠdid	 ﾠnot	 ﾠamplify	 ﾠfor	 ﾠmany	 ﾠindividuals,	 ﾠperhaps	 ﾠdue	 ﾠto	 ﾠmajor	 ﾠ 175 
changes	 ﾠin	 ﾠthis	 ﾠmarker,	 ﾠas	 ﾠevidenced	 ﾠby	 ﾠthe	 ﾠdeletion	 ﾠof	 ﾠone	 ﾠamino	 ﾠacid	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠthe	 ﾠ 176 
outgroups.	 ﾠFive	 ﾠoutgroup	 ﾠsequences	 ﾠwere	 ﾠobtained	 ﾠfrom	 ﾠGenBank,	 ﾠbut	 ﾠthese	 ﾠwere	 ﾠ3	 ﾠbp	 ﾠlonger	 ﾠ 177 
in	 ﾠall	 ﾠcases	 ﾠexcept	 ﾠfor	 ﾠthe	 ﾠpseudoscorpion.	 ﾠIt	 ﾠwas	 ﾠanalysed	 ﾠas	 ﾠa	 ﾠsingle	 ﾠfragment;	 ﾠnot	 ﾠpre-ﾭ‐aligned	 ﾠ 178 
due	 ﾠto	 ﾠthe	 ﾠlength	 ﾠdifference	 ﾠwith	 ﾠsome	 ﾠoutgroups.	 ﾠ 179 
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Phylogenetic	 ﾠanalyses	 ﾠ 181 
Parsimony	 ﾠanalyses	 ﾠwere	 ﾠbased	 ﾠon	 ﾠa	 ﾠdirect	 ﾠoptimization	 ﾠ(DO)	 ﾠapproach	 ﾠ(Wheeler	 ﾠ1996)	 ﾠusing	 ﾠ 182 
POY	 ﾠv.	 ﾠ5.0	 ﾠ(Varón	 ﾠet	 ﾠal.	 ﾠ2012).	 ﾠTree	 ﾠsearches	 ﾠwere	 ﾠperformed	 ﾠusing	 ﾠthe	 ﾠtimed	 ﾠsearch	 ﾠfunction	 ﾠin	 ﾠ 183 
POY,	 ﾠi.e.,	 ﾠmultiple	 ﾠcycles	 ﾠof	 ﾠ(a)	 ﾠbuilding	 ﾠWagner	 ﾠtrees,	 ﾠ(b)	 ﾠsubtree	 ﾠpruning	 ﾠand	 ﾠregrafting	 ﾠ(SPR),	 ﾠ 184 
and	 ﾠ(c)	 ﾠtree	 ﾠbisection	 ﾠand	 ﾠreconnection	 ﾠ(TBR),	 ﾠ(d)	 ﾠratcheting	 ﾠ(Nixon	 ﾠ1999),	 ﾠand	 ﾠ(e)	 ﾠtree-ﾭ‐fusing	 ﾠ 185 
(Goloboff	 ﾠ1999,	 ﾠ2002)	 ﾠ[command:	 ﾠsearch (max_time:00:01:00, min_time:00:00:10,  186 
hits:20, memory:gb:2)].	 ﾠFor	 ﾠthe	 ﾠindividual	 ﾠpartitions,	 ﾠtimed	 ﾠsearches	 ﾠof	 ﾠ1	 ﾠhour	 ﾠwere	 ﾠrun	 ﾠon	 ﾠ 187 
4	 ﾠprocessors	 ﾠunder	 ﾠsix	 ﾠparameter	 ﾠsets,	 ﾠas	 ﾠin	 ﾠGiribet	 ﾠet	 ﾠal.	 ﾠ(2012)	 ﾠ(see	 ﾠTable	 ﾠ3).	 ﾠFor	 ﾠthe	 ﾠcombined	 ﾠ 188 
analysis	 ﾠof	 ﾠthe	 ﾠthree	 ﾠmarkers	 ﾠwe	 ﾠstarted	 ﾠwith	 ﾠthe	 ﾠsame	 ﾠsearch	 ﾠstrategy,	 ﾠgiving	 ﾠthe	 ﾠ28S	 ﾠrRNA	 ﾠ 189 
trees	 ﾠas	 ﾠinput—as	 ﾠthese	 ﾠcontained	 ﾠall	 ﾠthe	 ﾠtaxa	 ﾠin	 ﾠthe	 ﾠcombined	 ﾠdata	 ﾠset—,	 ﾠand	 ﾠthe	 ﾠresulting	 ﾠ 190 
trees	 ﾠwere	 ﾠgiven	 ﾠas	 ﾠinput	 ﾠfor	 ﾠa	 ﾠsecond	 ﾠround	 ﾠof	 ﾠanalyses	 ﾠ(sensitivity	 ﾠanalysis	 ﾠtree	 ﾠfusing;	 ﾠSATF),	 ﾠ 191   8	 ﾠ
as	 ﾠdescribed	 ﾠby	 ﾠGiribet	 ﾠ(2007),	 ﾠand	 ﾠcontinued	 ﾠuntil	 ﾠthe	 ﾠtree	 ﾠlengths	 ﾠstabilised	 ﾠ(Giribet	 ﾠet	 ﾠal.	 ﾠ 192 
2012).	 ﾠThe	 ﾠoptimal	 ﾠparameter	 ﾠset	 ﾠwas	 ﾠestimated	 ﾠusing	 ﾠthe	 ﾠmodified	 ﾠWILD	 ﾠmetrics	 ﾠ(Wheeler	 ﾠ 193 
1995;	 ﾠSharma	 ﾠet	 ﾠal.	 ﾠ2011),	 ﾠas	 ﾠa	 ﾠproxy	 ﾠfor	 ﾠthe	 ﾠparameter	 ﾠset	 ﾠthat	 ﾠminimizes	 ﾠoverall	 ﾠincongruence	 ﾠ 194 
among	 ﾠdata	 ﾠpartitions	 ﾠ(Table	 ﾠ4).	 ﾠ	 ﾠNodal	 ﾠsupport	 ﾠfor	 ﾠthe	 ﾠoptimal	 ﾠparameter	 ﾠset	 ﾠwas	 ﾠestimated	 ﾠvia	 ﾠ 195 
jackknifing	 ﾠ(250	 ﾠreplicates)	 ﾠwith	 ﾠa	 ﾠprobability	 ﾠof	 ﾠdeletion	 ﾠof	 ﾠe
-ﾭ‐1	 ﾠ(Farris	 ﾠet	 ﾠal.	 ﾠ1996)	 ﾠusing	 ﾠ 196 
auto_sequence_partition,	 ﾠas	 ﾠdiscussed	 ﾠin	 ﾠearlier	 ﾠwork	 ﾠ(Giribet	 ﾠet	 ﾠal.	 ﾠ2012).	 ﾠ  197 
	 ﾠ Maximum	 ﾠlikelihood	 ﾠ(ML)	 ﾠanalyses	 ﾠwere	 ﾠconducted	 ﾠon	 ﾠstatic	 ﾠmultiple	 ﾠsequence	 ﾠ 198 
alignments	 ﾠ(MSA)	 ﾠinferred	 ﾠin	 ﾠMUSCLE	 ﾠv.	 ﾠ3.6	 ﾠ(Edgar	 ﾠ2004)	 ﾠthrough	 ﾠthe	 ﾠEMBL-ﾭ‐EBI	 ﾠserver	 ﾠ 199 
(http://www.ebi.ac.uk/Tools/msa/muscle/).	 ﾠWe	 ﾠalso	 ﾠused	 ﾠan	 ﾠimplied	 ﾠalignment	 ﾠ(IA)	 ﾠgenerated	 ﾠ 200 
in	 ﾠPOY	 ﾠ(Wheeler	 ﾠ2003;	 ﾠGiribet	 ﾠ2005)	 ﾠfor	 ﾠsubsequent	 ﾠanalyses	 ﾠbased	 ﾠon	 ﾠstatic	 ﾠalignments,	 ﾠas	 ﾠ 201 
recently	 ﾠexplored	 ﾠby	 ﾠGiribet	 ﾠand	 ﾠEdgecombe	 ﾠ(2013b)	 ﾠfor	 ﾠa	 ﾠcentipede	 ﾠdata	 ﾠset.	 ﾠThe	 ﾠMUSCLE	 ﾠ 202 
alignments	 ﾠwere	 ﾠconducted	 ﾠfor	 ﾠeach	 ﾠgene	 ﾠindependently.	 ﾠThe	 ﾠIA	 ﾠand	 ﾠMSA	 ﾠtherefore	 ﾠwere	 ﾠbased	 ﾠ 203 
on	 ﾠthe	 ﾠsame	 ﾠdata	 ﾠ(see	 ﾠlength	 ﾠfor	 ﾠeach	 ﾠgene	 ﾠin	 ﾠTable	 ﾠ5).	 ﾠIn	 ﾠorder	 ﾠto	 ﾠevaluate	 ﾠthe	 ﾠimpact	 ﾠof	 ﾠthe	 ﾠ 204 
hypervariable	 ﾠregions	 ﾠin	 ﾠthe	 ﾠdata	 ﾠset,	 ﾠMSAs	 ﾠand	 ﾠIAs	 ﾠwere	 ﾠsubsequently	 ﾠtrimmed	 ﾠwith	 ﾠGblocks	 ﾠv.	 ﾠ 205 
0.91b	 ﾠ(Castresana	 ﾠ2000;	 ﾠTalavera	 ﾠand	 ﾠCastresana	 ﾠ2007)	 ﾠto	 ﾠcull	 ﾠpositions	 ﾠof	 ﾠambiguous	 ﾠhomology	 ﾠ 206 
(see	 ﾠlength	 ﾠfor	 ﾠeach	 ﾠtrimmed	 ﾠgene	 ﾠin	 ﾠTable	 ﾠ5).	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠ28S,	 ﾠfragments	 ﾠa	 ﾠand	 ﾠbc	 ﾠwere	 ﾠ 207 
Gblocked	 ﾠseparately,	 ﾠdue	 ﾠto	 ﾠthe	 ﾠlarger	 ﾠproportion	 ﾠof	 ﾠmissing	 ﾠdata	 ﾠin	 ﾠthe	 ﾠa	 ﾠfragment,	 ﾠwhich	 ﾠ 208 
otherwise	 ﾠwould	 ﾠbe	 ﾠdeleted	 ﾠfrom	 ﾠthe	 ﾠfinal	 ﾠ28S	 ﾠalignment.	 ﾠThese	 ﾠdata	 ﾠsets	 ﾠare	 ﾠthus	 ﾠbased	 ﾠon	 ﾠ 209 
different	 ﾠdata	 ﾠfrom	 ﾠtheir	 ﾠoriginal	 ﾠsources	 ﾠand	 ﾠfrom	 ﾠeach	 ﾠother,	 ﾠbut	 ﾠthe	 ﾠremaining	 ﾠdata	 ﾠuse	 ﾠthe	 ﾠ 210 
same	 ﾠhomology	 ﾠscheme	 ﾠas	 ﾠthe	 ﾠsource.	 ﾠData	 ﾠsets	 ﾠwere	 ﾠconcatenated	 ﾠwith	 ﾠSequenceMatrix	 ﾠ 211 
(Vaidya	 ﾠet	 ﾠal.	 ﾠ2011).	 ﾠ 212 
	 ﾠ Maximum	 ﾠlikelihood	 ﾠanalyses	 ﾠwere	 ﾠconducted	 ﾠusing	 ﾠRAxML	 ﾠver.	 ﾠ7.2.7	 ﾠ(Stamatakis	 ﾠet	 ﾠal.	 ﾠ 213 
2008b)	 ﾠin	 ﾠthe	 ﾠCIPRES	 ﾠserver	 ﾠ(Miller	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠFor	 ﾠthe	 ﾠsearches,	 ﾠa	 ﾠunique	 ﾠGeneral	 ﾠTime	 ﾠ 214 
Reversible	 ﾠ(GTR)	 ﾠmodel	 ﾠof	 ﾠsequence	 ﾠevolution	 ﾠwith	 ﾠcorrections	 ﾠfor	 ﾠa	 ﾠdiscrete	 ﾠgamma	 ﾠ 215 
distribution	 ﾠ(GTR	 ﾠ+	 ﾠΓ)	 ﾠwas	 ﾠspecified	 ﾠfor	 ﾠeach	 ﾠdata	 ﾠpartition,	 ﾠand	 ﾠ100	 ﾠindependent	 ﾠsearches	 ﾠwere	 ﾠ 216 
conducted.	 ﾠNodal	 ﾠsupport	 ﾠwas	 ﾠestimated	 ﾠvia	 ﾠthe	 ﾠrapid	 ﾠbootstrap	 ﾠalgorithm	 ﾠ(1000	 ﾠreplicates)	 ﾠ 217 
using	 ﾠthe	 ﾠGTR-ﾭ‐CAT	 ﾠmodel	 ﾠ(Stamatakis	 ﾠet	 ﾠal.	 ﾠ2008a).	 ﾠBootstrap	 ﾠresampling	 ﾠfrequencies	 ﾠwere	 ﾠ 218 
thereafter	 ﾠmapped	 ﾠonto	 ﾠthe	 ﾠoptimal	 ﾠtree	 ﾠfrom	 ﾠthe	 ﾠindependent	 ﾠsearches.	 ﾠ	 ﾠ 219 
In	 ﾠtotal	 ﾠwe	 ﾠanalysed	 ﾠfive	 ﾠdata	 ﾠsets	 ﾠaccounting	 ﾠfor	 ﾠdifferent	 ﾠoptimality	 ﾠcriteria,	 ﾠhomology	 ﾠ 220 
schemes,	 ﾠand/or	 ﾠamount	 ﾠof	 ﾠdata,	 ﾠas	 ﾠfollows:	 ﾠ 221   9	 ﾠ
  Analysis	 ﾠ1.	 ﾠDirect	 ﾠoptimization/dynamic	 ﾠhomology	 ﾠunder	 ﾠparsimony	 ﾠ(full	 ﾠsensitivity	 ﾠ 222 
analysis	 ﾠof	 ﾠ6	 ﾠparameter	 ﾠsets)	 ﾠanalysed	 ﾠin	 ﾠPOY	 ﾠ 223 
  Analysis	 ﾠ2.	 ﾠStatic	 ﾠhomology	 ﾠfrom	 ﾠthe	 ﾠimplied	 ﾠalignment	 ﾠfor	 ﾠthe	 ﾠoptimal	 ﾠparameter	 ﾠ 224 
set	 ﾠunder	 ﾠML	 ﾠ(analysed	 ﾠin	 ﾠRAxML)	 ﾠ 225 
  Analysis	 ﾠ3.	 ﾠStatic	 ﾠhomology	 ﾠfrom	 ﾠthe	 ﾠimplied	 ﾠalignment	 ﾠfor	 ﾠthe	 ﾠoptimal	 ﾠparameter	 ﾠ 226 
set	 ﾠtrimmed	 ﾠwith	 ﾠGblocks	 ﾠunder	 ﾠML	 ﾠ(analysed	 ﾠin	 ﾠRAxML)	 ﾠ 227 
  Analysis	 ﾠ4.	 ﾠStatic	 ﾠhomology	 ﾠbased	 ﾠon	 ﾠMUSCLE	 ﾠmultiple	 ﾠsequence	 ﾠalignment	 ﾠ 228 
(analysed	 ﾠin	 ﾠRAxML)	 ﾠ 229 
  Analysis	 ﾠ5.	 ﾠStatic	 ﾠhomology	 ﾠbased	 ﾠon	 ﾠMUSCLE/Gblocks	 ﾠ(analysed	 ﾠin	 ﾠRAxML)	 ﾠ 230 
	 ﾠ 231 
Results	 ﾠand	 ﾠDiscussion	 ﾠ 232 
All	 ﾠphylogenetic	 ﾠanalyses	 ﾠyielded	 ﾠvery	 ﾠsimilar	 ﾠresults	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠthe	 ﾠingroup	 ﾠrelationships,	 ﾠ 233 
while	 ﾠthe	 ﾠoutgroup	 ﾠrelationships	 ﾠwere	 ﾠincongruent	 ﾠfrom	 ﾠanalysis	 ﾠto	 ﾠanalysis	 ﾠand	 ﾠunsupported	 ﾠ 234 
for	 ﾠthe	 ﾠmost	 ﾠpart	 ﾠ(Figs.	 ﾠ2	 ﾠand	 ﾠ3).	 ﾠThe	 ﾠlatter	 ﾠwas	 ﾠexpected	 ﾠgiven	 ﾠthe	 ﾠsmall	 ﾠamount	 ﾠof	 ﾠdata	 ﾠand	 ﾠ 235 
outgroup	 ﾠtaxa	 ﾠand	 ﾠthe	 ﾠpoor	 ﾠresolution	 ﾠin	 ﾠdeep	 ﾠarachnid	 ﾠrelationships	 ﾠin	 ﾠother	 ﾠstudies	 ﾠ(e.g.,	 ﾠ 236 
Wheeler	 ﾠand	 ﾠHayashi	 ﾠ1998;	 ﾠGiribet	 ﾠet	 ﾠal.	 ﾠ2002;	 ﾠPepato	 ﾠet	 ﾠal.	 ﾠ2010;	 ﾠRegier	 ﾠet	 ﾠal.	 ﾠ2010).	 ﾠThe	 ﾠ 237 
optimal	 ﾠparameter	 ﾠset	 ﾠunder	 ﾠparsimony	 ﾠdirect	 ﾠoptimization	 ﾠwas	 ﾠ3211	 ﾠ(where	 ﾠindel	 ﾠopening	 ﾠ 238 
costs	 ﾠ3,	 ﾠindel	 ﾠextension	 ﾠ1,	 ﾠtransversions	 ﾠcost	 ﾠ2	 ﾠand	 ﾠtransitions	 ﾠcost	 ﾠ1;	 ﾠWILD	 ﾠ=	 ﾠ0.00913),	 ﾠwith	 ﾠa	 ﾠ 239 
cost	 ﾠof	 ﾠ10,408	 ﾠweighted	 ﾠsteps	 ﾠ(Fig.	 ﾠ2).	 ﾠNearly	 ﾠall	 ﾠexamined	 ﾠparameter	 ﾠsets	 ﾠconcurred	 ﾠon	 ﾠthe	 ﾠ 240 
topology	 ﾠof	 ﾠthe	 ﾠoptimal	 ﾠparameter	 ﾠset,	 ﾠwith	 ﾠthe	 ﾠexception	 ﾠof	 ﾠEukoenenia	 ﾠspelaea	 ﾠIZ-ﾭ‐19346	 ﾠfrom	 ﾠ 241 
Slovenia,	 ﾠand	 ﾠthe	 ﾠresolution	 ﾠof	 ﾠone	 ﾠof	 ﾠthe	 ﾠEukoenenia	 ﾠclades	 ﾠ(see	 ﾠbelow).	 ﾠLikewise,	 ﾠthe	 ﾠanalyses	 ﾠ 242 
of	 ﾠthe	 ﾠfour	 ﾠdata	 ﾠsets	 ﾠanalysed	 ﾠunder	 ﾠmaximum	 ﾠlikelihood	 ﾠwere	 ﾠnearly	 ﾠidentical,	 ﾠexcept	 ﾠfor	 ﾠsome	 ﾠ 243 
of	 ﾠthe	 ﾠshallowest	 ﾠrelationships.	 ﾠOne	 ﾠof	 ﾠthese	 ﾠtrees,	 ﾠthe	 ﾠone	 ﾠfor	 ﾠthe	 ﾠmultiple	 ﾠsequence	 ﾠalignment	 ﾠ 244 
trimmed	 ﾠwith	 ﾠGblocks—the	 ﾠone	 ﾠthat	 ﾠcould	 ﾠbe	 ﾠpotentially	 ﾠthe	 ﾠmost	 ﾠdifferent	 ﾠfrom	 ﾠthe	 ﾠPOY	 ﾠ 245 
analysis—is	 ﾠpresented	 ﾠin	 ﾠFig.	 ﾠ3,	 ﾠand	 ﾠit	 ﾠis	 ﾠvirtually	 ﾠidentical	 ﾠto	 ﾠthe	 ﾠdirect	 ﾠoptimization	 ﾠtree.	 ﾠFrom	 ﾠ 246 
the	 ﾠ10	 ﾠnodes	 ﾠdepicted	 ﾠin	 ﾠFig.	 ﾠ2	 ﾠsummarizing	 ﾠthe	 ﾠsix	 ﾠdirect	 ﾠoptimization	 ﾠand	 ﾠthe	 ﾠfour	 ﾠmaximum	 ﾠ 247 
likelihood	 ﾠanalyses,	 ﾠ5	 ﾠwere	 ﾠrecovered	 ﾠin	 ﾠall	 ﾠanalyses.	 ﾠSupport	 ﾠvalues	 ﾠfor	 ﾠthese	 ﾠfive	 ﾠnodes	 ﾠis	 ﾠhigh	 ﾠ 248 
for	 ﾠmost	 ﾠanalyses	 ﾠ(jackknife	 ﾠvalues	 ﾠare	 ﾠlower	 ﾠby	 ﾠdefinition),	 ﾠwith	 ﾠthe	 ﾠexception	 ﾠof	 ﾠclades	 ﾠIII	 ﾠand	 ﾠ 249 
IV	 ﾠin	 ﾠthe	 ﾠDO	 ﾠanalysis.	 ﾠBasically,	 ﾠnearly	 ﾠall	 ﾠanalyses	 ﾠconcur	 ﾠon	 ﾠthe	 ﾠoverall	 ﾠtopology	 ﾠof	 ﾠthe	 ﾠ 250 
palpigrade	 ﾠtree.	 ﾠ 251   10	 ﾠ
	 ﾠ All	 ﾠanalyses	 ﾠshow	 ﾠa	 ﾠbasal	 ﾠdichotomy	 ﾠbetween	 ﾠProkoenenia	 ﾠwheeleri	 ﾠ(the	 ﾠonly	 ﾠ 252 
Prokoeneniidae	 ﾠrepresented	 ﾠin	 ﾠour	 ﾠanalyses)	 ﾠand	 ﾠthe	 ﾠremaining	 ﾠsamples,	 ﾠwhich	 ﾠwe	 ﾠconsider	 ﾠas	 ﾠ 253 
Eukoenenia	 ﾠfor	 ﾠfurther	 ﾠdiscussion—even	 ﾠif	 ﾠsome	 ﾠsamples	 ﾠfrom	 ﾠGenBank	 ﾠor	 ﾠfrom	 ﾠthe	 ﾠAustralian	 ﾠ 254 
boreholes	 ﾠwere	 ﾠnot	 ﾠidentified.	 ﾠEukoenenia	 ﾠis	 ﾠdivided	 ﾠinto	 ﾠfour	 ﾠmain	 ﾠclades,	 ﾠindicated	 ﾠin	 ﾠFigures	 ﾠ2	 ﾠ 255 
and	 ﾠ3.	 ﾠClade	 ﾠI	 ﾠincludes	 ﾠE.	 ﾠflorenciae	 ﾠfrom	 ﾠSlovakia,	 ﾠBrazil,	 ﾠand	 ﾠunidentified	 ﾠspecimens	 ﾠprobably	 ﾠ 256 
belonging	 ﾠto	 ﾠthe	 ﾠsame	 ﾠspecies	 ﾠfrom	 ﾠthe	 ﾠUSA	 ﾠand	 ﾠMexico,	 ﾠand	 ﾠanother	 ﾠspecies	 ﾠfrom	 ﾠa	 ﾠcave	 ﾠin	 ﾠ 257 
Guerrero,	 ﾠMexico	 ﾠ(IZ-ﾭ‐128499).	 ﾠClade	 ﾠII	 ﾠincludes	 ﾠE.	 ﾠspelaea	 ﾠand	 ﾠE.	 ﾠs.	 ﾠhauseri	 ﾠCondé,	 ﾠ1974	 ﾠfrom	 ﾠ 258 
Slovenia	 ﾠand	 ﾠSlovakia,	 ﾠand	 ﾠseveral	 ﾠadditional	 ﾠsamples	 ﾠfrom	 ﾠSlovenia	 ﾠand	 ﾠItaly,	 ﾠincluding	 ﾠE.	 ﾠ 259 
strinatii,	 ﾠE.	 ﾠbonadonai	 ﾠand	 ﾠE.	 ﾠaustriaca	 ﾠ(Hansen,	 ﾠ1926);	 ﾠE.	 ﾠspelaea	 ﾠIZ-ﾭ‐19346	 ﾠfrom	 ﾠSlovenia	 ﾠ 260 
clusters	 ﾠwith	 ﾠthese	 ﾠspecies	 ﾠin	 ﾠsome	 ﾠanalyses,	 ﾠbut	 ﾠnot	 ﾠall	 ﾠ(Fig.	 ﾠ2).	 ﾠClade	 ﾠIII	 ﾠincludes	 ﾠE.	 ﾠferratilis	 ﾠ 261 
from	 ﾠBrazil,	 ﾠthe	 ﾠspecimens	 ﾠfrom	 ﾠthe	 ﾠAustralian	 ﾠbore	 ﾠholes,	 ﾠand	 ﾠan	 ﾠundescribed	 ﾠspecies	 ﾠfrom	 ﾠ 262 
Brazil	 ﾠ(IZ-ﾭ‐19345).	 ﾠClade	 ﾠIV	 ﾠincludes	 ﾠE.	 ﾠmirabilis	 ﾠfrom	 ﾠAustralia	 ﾠand	 ﾠItaly,	 ﾠand	 ﾠunidentified	 ﾠ 263 
specimens	 ﾠfrom	 ﾠSouth	 ﾠAfrica,	 ﾠplus	 ﾠa	 ﾠspecimen	 ﾠfrom	 ﾠa	 ﾠcave	 ﾠin	 ﾠChiapas,	 ﾠMexico	 ﾠ(IZ-ﾭ‐136274)	 ﾠand	 ﾠa	 ﾠ 264 
GenBank	 ﾠspecimen	 ﾠ(JA-ﾭ‐2011)	 ﾠof	 ﾠunknown	 ﾠorigin.	 ﾠClades	 ﾠI	 ﾠand	 ﾠII	 ﾠare	 ﾠsupported	 ﾠin	 ﾠall	 ﾠanalyses;	 ﾠ 265 
Clade	 ﾠIII	 ﾠis	 ﾠsupported	 ﾠin	 ﾠall	 ﾠanalyses	 ﾠexcept	 ﾠfor	 ﾠthe	 ﾠDO	 ﾠanalysis	 ﾠunder	 ﾠparameter	 ﾠset	 ﾠ211;	 ﾠClade	 ﾠ 266 
IV	 ﾠis	 ﾠunsupported	 ﾠin	 ﾠthe	 ﾠML	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠtrimmed	 ﾠMSA.	 ﾠEukoenenia	 ﾠspelaea	 ﾠIZ-ﾭ‐19346	 ﾠappears	 ﾠ 267 
as	 ﾠthe	 ﾠsister	 ﾠgroup	 ﾠto	 ﾠClade	 ﾠII	 ﾠunder	 ﾠ4	 ﾠanalytical	 ﾠparameter	 ﾠsets	 ﾠin	 ﾠDO	 ﾠand	 ﾠin	 ﾠthe	 ﾠuntrimmed	 ﾠML	 ﾠ 268 
analyses,	 ﾠboth	 ﾠfor	 ﾠthe	 ﾠIA	 ﾠand	 ﾠfor	 ﾠthe	 ﾠMSA.	 ﾠThe	 ﾠE.	 ﾠflorenciae	 ﾠclade	 ﾠ(Clade	 ﾠI)	 ﾠalways	 ﾠforms	 ﾠthe	 ﾠ 269 
sister	 ﾠgroup	 ﾠof	 ﾠthe	 ﾠE.	 ﾠspelaea	 ﾠclade	 ﾠ(Clade	 ﾠII),	 ﾠalthough	 ﾠE.	 ﾠspelaea	 ﾠIZ-ﾭ‐19346	 ﾠsometimes	 ﾠforms	 ﾠthe	 ﾠ 270 
sister	 ﾠgroup	 ﾠof	 ﾠthe	 ﾠE.	 ﾠflorenciae	 ﾠclade.	 ﾠWhile	 ﾠthe	 ﾠE.	 ﾠferratilis	 ﾠclade	 ﾠ(Clade	 ﾠIII)	 ﾠoften	 ﾠforms	 ﾠthe	 ﾠ 271 
sister	 ﾠgroup	 ﾠto	 ﾠthe	 ﾠE.	 ﾠmirabilis	 ﾠclade	 ﾠ(Clade	 ﾠIV)	 ﾠ(Figs.	 ﾠ2,	 ﾠ3),	 ﾠand	 ﾠis	 ﾠwell	 ﾠsupported	 ﾠin	 ﾠthe	 ﾠ 272 
probabilistic	 ﾠanalyses	 ﾠ(97	 ﾠto	 ﾠ100%	 ﾠbootstrap	 ﾠsupport,	 ﾠdepending	 ﾠon	 ﾠthe	 ﾠanalysis),	 ﾠunder	 ﾠsome	 ﾠ 273 
parameter	 ﾠsets	 ﾠClade	 ﾠIII	 ﾠis	 ﾠsister	 ﾠto	 ﾠthe	 ﾠE.	 ﾠspelaea—E.	 ﾠflorenciae	 ﾠclade	 ﾠ(parameter	 ﾠsets	 ﾠ111,	 ﾠ211,	 ﾠ 274 
221,	 ﾠ3221).	 ﾠ	 ﾠ	 ﾠ 275 
Irrespective	 ﾠof	 ﾠthese	 ﾠsmall	 ﾠdifferences,	 ﾠour	 ﾠanalyses	 ﾠshow	 ﾠhigh	 ﾠcongruence	 ﾠbetween	 ﾠ 276 
alternative	 ﾠmethods	 ﾠ(parsimony	 ﾠand	 ﾠmaximum	 ﾠlikelihood)	 ﾠbased	 ﾠon	 ﾠidentical	 ﾠraw	 ﾠdata	 ﾠwith	 ﾠ 277 
different	 ﾠhomology	 ﾠschemes	 ﾠ(implied	 ﾠalignments	 ﾠversus	 ﾠmultiple	 ﾠsequence	 ﾠalignments),	 ﾠor	 ﾠ 278 
different	 ﾠdata	 ﾠsets	 ﾠ(trimmed	 ﾠimplied	 ﾠalignments	 ﾠand	 ﾠtrimmed	 ﾠmultiple	 ﾠsequence	 ﾠalignments).	 ﾠ 279 
There	 ﾠare	 ﾠvery	 ﾠfew	 ﾠcases	 ﾠwith	 ﾠsuch	 ﾠconsistency	 ﾠacross	 ﾠweighting	 ﾠschemes,	 ﾠhomology	 ﾠschemes,	 ﾠ 280 
and	 ﾠmethodologies,	 ﾠbut	 ﾠa	 ﾠrecent	 ﾠcase	 ﾠwas	 ﾠdocumented	 ﾠfor	 ﾠscutigeromorph	 ﾠcentipedes	 ﾠ(Giribet	 ﾠ 281 
and	 ﾠEdgecombe	 ﾠ2013b).	 ﾠIn	 ﾠthat	 ﾠcase,	 ﾠthe	 ﾠfossil	 ﾠrecord	 ﾠand	 ﾠdenser	 ﾠsampling	 ﾠallowed	 ﾠfor	 ﾠaccurate	 ﾠ 282 
molecular	 ﾠdating	 ﾠand	 ﾠanalyses	 ﾠof	 ﾠdiversification	 ﾠof	 ﾠlineages	 ﾠthrough	 ﾠtime,	 ﾠand	 ﾠit	 ﾠwas	 ﾠsuggested	 ﾠ 283   11	 ﾠ
that	 ﾠthe	 ﾠcongruence	 ﾠacross	 ﾠanalyses	 ﾠwas	 ﾠdue	 ﾠto	 ﾠconstant	 ﾠrates	 ﾠof	 ﾠdiversification	 ﾠthrough	 ﾠmore	 ﾠ 284 
than	 ﾠ400	 ﾠmillion	 ﾠyears	 ﾠof	 ﾠevolution	 ﾠin	 ﾠthe	 ﾠgroup.	 ﾠWe	 ﾠcan	 ﾠonly	 ﾠguess	 ﾠthis	 ﾠfor	 ﾠpalpigrades,	 ﾠas	 ﾠthe	 ﾠ 285 
fossil	 ﾠrecord	 ﾠfor	 ﾠthis	 ﾠgroup	 ﾠis	 ﾠrare,	 ﾠand	 ﾠa	 ﾠsingle	 ﾠPliocene	 ﾠspecimen	 ﾠis	 ﾠknown	 ﾠ(Rowland	 ﾠand	 ﾠSissom	 ﾠ 286 
1980;	 ﾠDelclòs	 ﾠet	 ﾠal.	 ﾠ2008;	 ﾠDunlop	 ﾠ2010),	 ﾠalthough	 ﾠthe	 ﾠgroup	 ﾠmust	 ﾠbe	 ﾠmuch	 ﾠolder	 ﾠin	 ﾠorigin	 ﾠ(see	 ﾠ 287 
for	 ﾠexample	 ﾠGiribet	 ﾠand	 ﾠEdgecombe	 ﾠ2013a).	 ﾠ 288 
Phylogenetic	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠthree	 ﾠmolecular	 ﾠmarkers	 ﾠcombined	 ﾠand	 ﾠfor	 ﾠall	 ﾠanalyses	 ﾠ 289 
performed	 ﾠresolves	 ﾠinto	 ﾠProkoeneniidae	 ﾠ(although	 ﾠrepresented	 ﾠby	 ﾠa	 ﾠsingle	 ﾠspecies)	 ﾠand	 ﾠ 290 
Eukoeneniidae,	 ﾠsupporting	 ﾠthe	 ﾠmonophyly	 ﾠof	 ﾠEukoeneniidae—palpigrades	 ﾠwithout	 ﾠsternal	 ﾠ 291 
opisthosomal	 ﾠvesicles	 ﾠ(Condé	 ﾠ1996).	 ﾠWe	 ﾠwere,	 ﾠhowever,	 ﾠunable	 ﾠto	 ﾠobtain	 ﾠsamples	 ﾠof	 ﾠ 292 
Triadokoenenia	 ﾠor	 ﾠof	 ﾠadditional	 ﾠProkoenenia	 ﾠspecies,	 ﾠthus	 ﾠnot	 ﾠbeing	 ﾠable	 ﾠto	 ﾠtest	 ﾠthe	 ﾠtaxon	 ﾠ 293 
Prokoeneniidae.	 ﾠWithin	 ﾠEukoeneniidae,	 ﾠthe	 ﾠfour	 ﾠmain	 ﾠclades	 ﾠdiscussed	 ﾠabove	 ﾠare	 ﾠsupported	 ﾠin	 ﾠ 294 
nearly	 ﾠall	 ﾠanalyses.	 ﾠBut	 ﾠspecies	 ﾠidentifications	 ﾠin	 ﾠpalpigrades	 ﾠdo	 ﾠnot	 ﾠseem	 ﾠstraightforward.	 ﾠ 295 
Within	 ﾠClade	 ﾠI,	 ﾠthe	 ﾠspecimens	 ﾠof	 ﾠEukoenenia	 ﾠfrom	 ﾠTexas	 ﾠ(USA),	 ﾠthe	 ﾠMexican	 ﾠstate	 ﾠof	 ﾠYucatán,	 ﾠE.	 ﾠ 296 
cf.	 ﾠflorenciae	 ﾠfrom	 ﾠBrazil	 ﾠand	 ﾠE.	 ﾠflorenciae	 ﾠfrom	 ﾠSlovakia	 ﾠshow	 ﾠnearly	 ﾠidentical	 ﾠCOI	 ﾠsequences	 ﾠ 297 
and	 ﾠidentical	 ﾠnuclear	 ﾠribosomal	 ﾠRNA	 ﾠsequences,	 ﾠsuggesting	 ﾠthat	 ﾠthey	 ﾠmay	 ﾠbe	 ﾠconspecific	 ﾠ(see	 ﾠ 298 
Edgecombe	 ﾠand	 ﾠGiribet	 ﾠ2008;	 ﾠVélez	 ﾠet	 ﾠal.	 ﾠ2012).	 ﾠIn	 ﾠcontrast,	 ﾠClade	 ﾠII	 ﾠincludes	 ﾠthree	 ﾠlineages	 ﾠof	 ﾠ 299 
the	 ﾠmorphospecies	 ﾠE.	 ﾠspelaea.	 ﾠFrom	 ﾠthese,	 ﾠtwo	 ﾠsamples	 ﾠidentified	 ﾠas	 ﾠE.	 ﾠspelaea	 ﾠand	 ﾠE.	 ﾠspelaea	 ﾠ 300 
hauseri	 ﾠfrom	 ﾠSlovenia	 ﾠappear	 ﾠidentical	 ﾠfor	 ﾠthe	 ﾠnuclear	 ﾠribosomal	 ﾠgenes	 ﾠ(but	 ﾠdid	 ﾠnot	 ﾠamplify	 ﾠfor	 ﾠ 301 
COI).	 ﾠ 302 
Clade	 ﾠIII	 ﾠincludes	 ﾠthe	 ﾠWestern	 ﾠAustralian	 ﾠsamples	 ﾠand	 ﾠEukoenenia	 ﾠferratilis	 ﾠfrom	 ﾠthe	 ﾠIron	 ﾠ 303 
caves	 ﾠof	 ﾠMinas	 ﾠGerais	 ﾠ(Brazil).	 ﾠDifficulties	 ﾠin	 ﾠamplifying	 ﾠthe	 ﾠAustralian	 ﾠsamples	 ﾠand	 ﾠthe	 ﾠlack	 ﾠof	 ﾠ 304 
COI	 ﾠinformation	 ﾠfor	 ﾠany	 ﾠof	 ﾠthe	 ﾠmembers	 ﾠof	 ﾠthe	 ﾠclade	 ﾠprecludes	 ﾠus	 ﾠfrom	 ﾠunderstanding	 ﾠgenetic	 ﾠ 305 
variability	 ﾠwithin	 ﾠthis	 ﾠclade	 ﾠof	 ﾠgeographically	 ﾠdistant	 ﾠspecies	 ﾠ(both	 ﾠbetween	 ﾠthe	 ﾠcontinents,	 ﾠbut	 ﾠ 306 
also	 ﾠamong	 ﾠthe	 ﾠWestern	 ﾠAustralian	 ﾠlocalities),	 ﾠalthough	 ﾠmost	 ﾠanalyses	 ﾠconsistently	 ﾠresolve	 ﾠthis	 ﾠ 307 
clade	 ﾠof	 ﾠsix	 ﾠindividuals	 ﾠwith	 ﾠreciprocal	 ﾠmonophyly	 ﾠof	 ﾠthe	 ﾠtwo	 ﾠgeographic	 ﾠregions.	 ﾠ	 ﾠ 308 
Clade	 ﾠIV,	 ﾠalthough	 ﾠwith	 ﾠless	 ﾠsupport	 ﾠthan	 ﾠthe	 ﾠother	 ﾠthree	 ﾠclades,	 ﾠincludes	 ﾠthe	 ﾠsample	 ﾠof	 ﾠ 309 
unknown	 ﾠprovenance	 ﾠsequenced	 ﾠby	 ﾠArabi	 ﾠet	 ﾠal.	 ﾠ(2012),	 ﾠa	 ﾠspecimen	 ﾠfrom	 ﾠcaves	 ﾠin	 ﾠChiapas,	 ﾠand	 ﾠ 310 
the	 ﾠcosmopolitan	 ﾠE.	 ﾠmirabilis,	 ﾠincluding	 ﾠtwo	 ﾠspecimens	 ﾠfrom	 ﾠItaly	 ﾠ(identical	 ﾠfor	 ﾠall	 ﾠmarkers)	 ﾠand	 ﾠ 311 
two	 ﾠputative	 ﾠmembers	 ﾠof	 ﾠthis	 ﾠspecies	 ﾠfrom	 ﾠSouth	 ﾠAfrica	 ﾠplus	 ﾠa	 ﾠsample	 ﾠof	 ﾠE.	 ﾠmirabilis	 ﾠfrom	 ﾠ 312 
Australia.	 ﾠWhile	 ﾠE.	 ﾠmirabilis	 ﾠhas	 ﾠbeen	 ﾠsuggested	 ﾠto	 ﾠbe	 ﾠa	 ﾠsynanthropic	 ﾠspecies	 ﾠoriginating	 ﾠin	 ﾠthe	 ﾠ 313 
Mediterranean	 ﾠregion	 ﾠwith	 ﾠrecent	 ﾠintroductions	 ﾠto	 ﾠSouth	 ﾠAfrica,	 ﾠAustralia,	 ﾠChile	 ﾠand	 ﾠ 314   12	 ﾠ
Madagascar	 ﾠ(Harvey	 ﾠet	 ﾠal.	 ﾠ2006),	 ﾠour	 ﾠlimited	 ﾠdata	 ﾠsuggest	 ﾠa	 ﾠclose	 ﾠrelationship	 ﾠbetween	 ﾠone	 ﾠof	 ﾠ 315 
the	 ﾠSouth	 ﾠAfrican	 ﾠsamples	 ﾠand	 ﾠthe	 ﾠAustralian	 ﾠspecimen,	 ﾠeven	 ﾠin	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠCOI	 ﾠdata,	 ﾠand	 ﾠ 316 
therefore	 ﾠsuggesting	 ﾠchanges	 ﾠin	 ﾠthe	 ﾠnuclear	 ﾠribosomal	 ﾠgenes	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠthe	 ﾠItalian	 ﾠsample.	 ﾠ 317 
Further	 ﾠstudy	 ﾠof	 ﾠGondwanan	 ﾠE.	 ﾠmirabilis	 ﾠand	 ﾠaddition	 ﾠof	 ﾠcircum-ﾭ‐Mediterranean	 ﾠsamples	 ﾠshould	 ﾠ 318 
be	 ﾠundertaken	 ﾠto	 ﾠbring	 ﾠthis	 ﾠmatter	 ﾠto	 ﾠconclusion.	 ﾠ 319 
Given	 ﾠthe	 ﾠsampling	 ﾠof	 ﾠthis	 ﾠstudy	 ﾠit	 ﾠis	 ﾠstill	 ﾠearly	 ﾠto	 ﾠmake	 ﾠany	 ﾠfirm	 ﾠconclusions	 ﾠabout	 ﾠ 320 
palpigrade	 ﾠrelationships.	 ﾠWe	 ﾠwere	 ﾠnot	 ﾠable	 ﾠto	 ﾠtest	 ﾠfor	 ﾠthe	 ﾠmonophyly	 ﾠof	 ﾠProkoeneniidae,	 ﾠand	 ﾠ 321 
monophyly	 ﾠof	 ﾠEukoenenia	 ﾠis	 ﾠnot	 ﾠthoroughly	 ﾠtested	 ﾠeither.	 ﾠAttempts	 ﾠto	 ﾠsequence	 ﾠAllokoenenia	 ﾠ 322 
and	 ﾠLeptokoenenia	 ﾠwere	 ﾠunsuccessful,	 ﾠand	 ﾠwe	 ﾠwere	 ﾠunable	 ﾠto	 ﾠobtain	 ﾠspecimens	 ﾠof	 ﾠthe	 ﾠ 323 
Palaeotropical	 ﾠKoeneniodes	 ﾠand	 ﾠTriadokoenenia.	 ﾠFew	 ﾠstudies	 ﾠhave	 ﾠlooked	 ﾠat	 ﾠvariation	 ﾠamong	 ﾠ 324 
palpigrade	 ﾠspecies,	 ﾠbut	 ﾠKrál	 ﾠet	 ﾠal.	 ﾠ(2008)	 ﾠinvestigated	 ﾠthe	 ﾠkaryotypes	 ﾠof	 ﾠE.	 ﾠspelaea	 ﾠfrom	 ﾠSlovakia	 ﾠ 325 
and	 ﾠE.	 ﾠmirabilis,	 ﾠwhich	 ﾠappear	 ﾠin	 ﾠdifferent	 ﾠclades	 ﾠin	 ﾠour	 ﾠstudy	 ﾠ(Clades	 ﾠII	 ﾠand	 ﾠIV,	 ﾠrespectively).	 ﾠ 326 
However,	 ﾠthe	 ﾠkaryotypes	 ﾠof	 ﾠboth	 ﾠspecies	 ﾠshowed	 ﾠno	 ﾠvariation,	 ﾠboth	 ﾠconsisting	 ﾠof	 ﾠa	 ﾠlow	 ﾠnumber	 ﾠ 327 
of	 ﾠtiny	 ﾠchromosomes	 ﾠthat	 ﾠdecrease	 ﾠgradually	 ﾠin	 ﾠsize	 ﾠand	 ﾠa	 ﾠlack	 ﾠof	 ﾠmorphologically	 ﾠdifferentiated	 ﾠ 328 
sex	 ﾠchromosomes,	 ﾠsuggesting	 ﾠthat	 ﾠmolecular	 ﾠdata	 ﾠmay	 ﾠbe	 ﾠmore	 ﾠinformative	 ﾠthan	 ﾠkaryotypic	 ﾠ 329 
data	 ﾠfor	 ﾠseparating	 ﾠspecies.	 ﾠ	 ﾠ 330 
Morphologically,	 ﾠthe	 ﾠcharacters	 ﾠused	 ﾠto	 ﾠdifferentiate	 ﾠEukoenenia	 ﾠspecies	 ﾠare	 ﾠmostly	 ﾠ 331 
restricted	 ﾠto	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠlobules	 ﾠin	 ﾠthe	 ﾠlateral	 ﾠorgans	 ﾠor	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠsetae	 ﾠin	 ﾠdifferent	 ﾠbody	 ﾠ 332 
regions,	 ﾠbut	 ﾠthe	 ﾠsignificance	 ﾠof	 ﾠthese	 ﾠcharacters	 ﾠhas	 ﾠnot	 ﾠbeen	 ﾠtested	 ﾠphylogenetically—for	 ﾠ 333 
example,	 ﾠE.	 ﾠmirabilis	 ﾠand	 ﾠE.	 ﾠferratilis	 ﾠare	 ﾠvery	 ﾠsimilar	 ﾠmorphologically	 ﾠwith	 ﾠmany	 ﾠsomatic	 ﾠtraits,	 ﾠ 334 
considered	 ﾠimportant	 ﾠfor	 ﾠtaxonomy,	 ﾠvirtually	 ﾠidentical	 ﾠ(Souza	 ﾠand	 ﾠFerreira	 ﾠ2011a).	 ﾠHowever,	 ﾠ 335 
these	 ﾠtwo	 ﾠspecies	 ﾠbelong	 ﾠto	 ﾠdifferent	 ﾠclades,	 ﾠreflecting	 ﾠthat	 ﾠtheir	 ﾠdifferences	 ﾠin	 ﾠgenital	 ﾠ 336 
morphology	 ﾠand	 ﾠchaetotaxy	 ﾠmay	 ﾠbe	 ﾠbetter	 ﾠsystematic	 ﾠcharacters	 ﾠthan	 ﾠthe	 ﾠones	 ﾠoutlined	 ﾠabove.	 ﾠ 337 
Our	 ﾠstudy	 ﾠthus	 ﾠprovides	 ﾠa	 ﾠnew	 ﾠframework	 ﾠfor	 ﾠadding	 ﾠnew	 ﾠsequences	 ﾠand	 ﾠtesting	 ﾠthe	 ﾠsignificance	 ﾠ 338 
of	 ﾠthese	 ﾠcharacters.	 ﾠAdditional	 ﾠsamples	 ﾠand	 ﾠespecially	 ﾠmore	 ﾠgenera	 ﾠmust	 ﾠhowever	 ﾠbe	 ﾠadded	 ﾠ 339 
before	 ﾠwe	 ﾠcan	 ﾠattempt	 ﾠa	 ﾠtaxonomic	 ﾠrevision	 ﾠof	 ﾠthe	 ﾠhigher	 ﾠtaxa	 ﾠin	 ﾠPalpigradi.	 ﾠ	 ﾠ 340 
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Conclusions	 ﾠ 342 
Palpigrades	 ﾠare	 ﾠa	 ﾠpoorly	 ﾠunderstood	 ﾠgroup	 ﾠof	 ﾠtiny	 ﾠsoil	 ﾠarthropods,	 ﾠoften	 ﾠfound	 ﾠexclusively	 ﾠin	 ﾠ 343 
caves,	 ﾠand	 ﾠhave	 ﾠreceived	 ﾠlittle	 ﾠattention	 ﾠfrom	 ﾠa	 ﾠphylogenetic	 ﾠpoint	 ﾠof	 ﾠview.	 ﾠHere	 ﾠwe	 ﾠwere	 ﾠable	 ﾠ 344   13	 ﾠ
to	 ﾠamass	 ﾠspecimens	 ﾠfrom	 ﾠdifferent	 ﾠenvironments	 ﾠ(caves	 ﾠand	 ﾠsoil)	 ﾠfrom	 ﾠAustralia,	 ﾠAfrica,	 ﾠEurope,	 ﾠ 345 
South	 ﾠAmerica	 ﾠand	 ﾠNorth	 ﾠAmerica	 ﾠwith	 ﾠthe	 ﾠaim	 ﾠof	 ﾠgenerating	 ﾠa	 ﾠmolecular	 ﾠphylogenetic	 ﾠ 346 
hypothesis	 ﾠfor	 ﾠthe	 ﾠgroup.	 ﾠThe	 ﾠdifficulty	 ﾠin	 ﾠobtaining	 ﾠwell-ﾭ‐preserved	 ﾠmaterial	 ﾠfor	 ﾠmolecular	 ﾠwork	 ﾠ 347 
is	 ﾠreflected	 ﾠin	 ﾠthe	 ﾠlarge	 ﾠnumber	 ﾠof	 ﾠspecimens	 ﾠthat	 ﾠdid	 ﾠnot	 ﾠyield	 ﾠDNA	 ﾠof	 ﾠenough	 ﾠquality	 ﾠfor	 ﾠ 348 
sequencing,	 ﾠbut	 ﾠwe	 ﾠwere	 ﾠable	 ﾠto	 ﾠpropose	 ﾠthe	 ﾠfirst	 ﾠphylogenetic	 ﾠhypothesis	 ﾠof	 ﾠthe	 ﾠgroup	 ﾠbased	 ﾠ 349 
on	 ﾠmolecular	 ﾠdata	 ﾠto	 ﾠfind	 ﾠmonophyly	 ﾠof	 ﾠEukoeneniidae	 ﾠand	 ﾠits	 ﾠdivision	 ﾠinto	 ﾠfour	 ﾠmain	 ﾠclades,	 ﾠ 350 
three	 ﾠof	 ﾠthese	 ﾠincluding	 ﾠsamples	 ﾠfrom	 ﾠmultiple	 ﾠcontinents.	 ﾠGiven	 ﾠthe	 ﾠabsence	 ﾠof	 ﾠdenser	 ﾠ 351 
sampling	 ﾠand	 ﾠproper	 ﾠclock	 ﾠcalibrations,	 ﾠour	 ﾠdata	 ﾠcannot	 ﾠdiscern	 ﾠwhether	 ﾠpalpigrades	 ﾠare	 ﾠa	 ﾠvery	 ﾠ 352 
old	 ﾠgroup	 ﾠthat	 ﾠdiversified	 ﾠprior	 ﾠto	 ﾠthe	 ﾠbreakup	 ﾠof	 ﾠPangaea,	 ﾠor	 ﾠa	 ﾠgroup	 ﾠof	 ﾠanimals	 ﾠthat	 ﾠdisperses	 ﾠ 353 
across	 ﾠlarge	 ﾠgeographic	 ﾠdistances,	 ﾠas	 ﾠsuggested	 ﾠby	 ﾠsome	 ﾠwidespread	 ﾠspecies.	 ﾠLong-ﾭ‐range	 ﾠ 354 
dispersal	 ﾠis	 ﾠhowever	 ﾠdifficult	 ﾠto	 ﾠreconcile	 ﾠwith	 ﾠthe	 ﾠnarrow	 ﾠecological	 ﾠconditions	 ﾠand	 ﾠthe	 ﾠfacility	 ﾠ 355 
with	 ﾠwhich	 ﾠthese	 ﾠanimals	 ﾠdesiccate	 ﾠonce	 ﾠremoved	 ﾠfrom	 ﾠtheir	 ﾠenvironments.	 ﾠ	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 ﾠsquare	 ﾠnon-ﾭ‐monophyly.	 ﾠSpecific	 ﾠparameter	 ﾠsets	 ﾠor	 ﾠanalyses	 ﾠ 553 
indicated	 ﾠin	 ﾠthe	 ﾠfigure.	 ﾠNumerals	 ﾠindicate	 ﾠparameter	 ﾠset	 ﾠunder	 ﾠparsimony	 ﾠdirect	 ﾠoptimization;	 ﾠIA	 ﾠ 554 
(ML	 ﾠanalysis	 ﾠusing	 ﾠimplied	 ﾠalignment	 ﾠunder	 ﾠparameter	 ﾠset	 ﾠ3211);	 ﾠIAg	 ﾠ(Idem,	 ﾠGblocked);	 ﾠMSA	 ﾠ 555 
(ML	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠMUSCLE	 ﾠmultiple	 ﾠsequence	 ﾠalignment);	 ﾠMSAg	 ﾠ(Idem,	 ﾠGblocked).	 ﾠClades	 ﾠI	 ﾠto	 ﾠ 556 
IV	 ﾠare	 ﾠindicated.	 ﾠ 557 
	 ﾠ 558 
Fig.	 ﾠ3.	 ﾠOptimal	 ﾠmaximum	 ﾠlikelihood	 ﾠtree	 ﾠ(-ﾭ‐LnL	 ﾠ=	 ﾠ-ﾭ‐24955.690470)	 ﾠof	 ﾠthe	 ﾠcombined	 ﾠdata	 ﾠset	 ﾠusing	 ﾠ 559 
the	 ﾠMUSCLE	 ﾠmultiple	 ﾠsequence	 ﾠalignment	 ﾠtrimmed	 ﾠwith	 ﾠGblocks.	 ﾠNumbers	 ﾠon	 ﾠnodes	 ﾠindicate	 ﾠ 560 







       
18S rRNA 







Country  a  b  c  a  b  c 
 
Prokoenenia wheeleri  IZ-134477  DNA107078  Texas, USA  KF823823  KF823823  KF823823  KF823848  KF823848  KF823848  KF823874 
Eukoenenia austriaca  IZ-19349  -  Slovenia  KF823824  KF823824  KF823824  KF823849  KF823849  KF823849  - 
Eukoenenia bonadonai  IZ-19340  -  Italy  KF823825  KF823825  KF823825  KF823850  KF823850  KF823850  - 
Eukoenenia ferratilis  IZ-127609  -  Brazil  KF823826  KF823826  KF823826  KF823851  KF823851  KF823851  - 
Eukoenenia cf. ferratilis  -  GenBank 
 
HM070336  HM070336  HM070336  HM070299  HM070299  HM070299  - 
Eukoenenia florenciae  IZ-19351  -  Slovakia  KF823827  KF823827  KF823827  KF823852  KF823852  KF823852  KF823875 
Eukoenenia cf. florenciae  IZ-19343  -  Brazil  KF823828  KF823828  KF823828  KF823853  KF823853  KF823853  - 
Eukoenenia mirabilis  IZ-127901  -  Italy  KF823829  KF823829  KF823829  KF823854  KF823854  KF823854  KF823876 
Eukoenenia mirabilis  IZ-127902  -  Italy  KF823830  KF823830  KF823830  KF823855  KF823855  KF823855  KF823877 
Eukoenenia mirabilis  IZ-16117  -  Australia  KF823831  KF823831  KF823831  KF823856  KF823856  KF823856  - 
Eukoenenia spelaea  IZ-135126  DNA106786  Slovakia  -  KF823832  KF823832  KF823857  KF823857  KF823857  - 
Eukoenenia spelaea  IZ-19346  -  Slovenia  KF823833  KF823833  KF823833  KF823858  KF823858  KF823858  KF823878 
Eukoenenia spelaea  IZ-19347  -  Slovenia  KF823834  KF823834  KF823834  KF823859  KF823859  KF823859  - 
Eukoenenia spelaea 
hauseri  IZ-19348  -  Slovenia  KF823835  KF823835  KF823835  KF823860  KF823860  KF823860  - 
Eukoenenia strinatii  IZ-19341  -  Italy  KF823836  KF823836  KF823836  KF823861  KF823861  KF823861  - 
Eukoenenia sp.  IZ-19350  -  Slovenia  KF823837  KF823837  KF823837  KF823862  KF823862  KF823862  KF823879   23"
Eukoenenia sp.  -  DNA100456.1  South Africa  AF207648  AF207648  AF207648  -  AF207653  -  - 
Eukoenenia sp.  -  DNA100456.2  South Africa  KF823838  -  KF823839  -  KF823863  -  - 
Eukoenenia sp.  IZ-134549  DNA107079  USA  KF823840  KF823840  KF823840  KF823864  KF823864  KF823864  KF823880 
Eukoenenia sp.  IZ-127598.1  -  Mexico  KF823841  KF823841  KF823841  KF823865  KF823865  KF823865  KF823881 
Eukoenenia sp.  IZ-127598.2  -  Mexico  KF823842  KF823842  KF823842  KF823866  KF823866  KF823866  KF823882 
Eukoenenia sp.  IZ-128499  -  Mexico  KF823843  KF823843  KF823843  KF823867  KF823867  KF823867  KF823883 
Eukoenenia sp.  IZ-136274  -  Mexico  KF823844  -  KF823844  KF823868  KF823868  KF823868  - 
Eukoenenia sp.  IZ-127636  WAM T81111  Australia  -  -  -  -  KF823869  -  - 
Eukoenenia sp.  IZ-127639 
WAM 
T116012  Australia  KF823845  KF823845  KF823845  -  KF823870  KF823870  - 
Eukoenenia sp.  IZ-127640 
WAM 
T111422  Australia  -  -  -  -  KF823871  -  - 
Eukoenenia sp.  IZ-127643  -  Australia  KF823846  KF823846  KF823846  -  KF823872  KF823872  - 
Eukoenenia sp.n.  IZ-19345  -  Brazil  KF823847  KF823847  KF823847  -  KF823873  KF823873  - 
Palpigradi sp.  -  MNHN-JAA76 
 
JN018286.1  JN018286.1  JN018286.1  JN018383.1  JN018383.1  JN018383.1  JN018169.1   24#
Table&2.&Outgroup&sampling&with&GenBank&accession&numbers!
&
& & & & & & 18S&rRNA&& 28S&rRNA&& COI&
#
Anoplodactylus#portus! ! Pycnogonida! AY859551! AY859550! GQ912859!
Limulus#polyphemus! ! Xiphosura! U91490! ! AF212167! AF216203!
Pandinus#imperator! ! ! Scorpiones! AY210831! AY210830! AY156582!
Metasiro#americanus! ! Opiliones!! DQ825542! DQ825595! DQ825645!
Calocheiridius#termitophilus! ! Pseudoscorpiones! AY859559! AY859558! EU559544!
Dermacentor!sp.! ! ! Acari! ! Z74480! ! AY859582! I!
Eremobates!sp.! ! ! Solifugae!! AY859573! AY859572! I!
Mastigoproctus#giganteus! ! Uropygi! ! AF005446! AY859587! JN018215!
!
! !  25	 ﾠ
Table	 ﾠ3.	 ﾠResult	 ﾠof	 ﾠthe	 ﾠPOY	 ﾠtimed	 ﾠsearches	 ﾠ(search)	 ﾠand	 ﾠimprovement	 ﾠafter	 ﾠeach	 ﾠround	 ﾠof	 ﾠSATF	 ﾠ
for	 ﾠthe	 ﾠsix	 ﾠexplored	 ﾠparameter	 ﾠsets	 ﾠ
	 ﾠ
  1  SATF2  SATF3 
111  6520  6520  6520 
121  10076  10076  10076 
211  7543  7543  7543 
221  11851  11851  11851 
3211  10408  10408  10408 
3221  13526  13526  13526 
	 ﾠ
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Table	 ﾠ4.	 ﾠNumber	 ﾠof	 ﾠweighted	 ﾠsteps	 ﾠfor	 ﾠeach	 ﾠdata	 ﾠpartition,	 ﾠthe	 ﾠcombination	 ﾠof	 ﾠthem	 ﾠ(MOL)	 ﾠ
and	 ﾠWILD	 ﾠvalue	 ﾠ
The	 ﾠoptimal	 ﾠparameter	 ﾠset	 ﾠis	 ﾠindicated	 ﾠin	 ﾠitalics	 ﾠ
 
  18S  28S  COI  MOL  wILD 
111  1125  3967  1354  6520  0.01135 
121  1655  6272  2051  10076  0.00973 
211  1246  4840  1381  7543  0.01008 
221  1867  7780  2080  11851  0.01046 
3211  1704  6535  2074  10408  0.00913 
3221  2314  8305  2777  13526  0.00961 
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Table	 ﾠ5.	 ﾠLength	 ﾠof	 ﾠeach	 ﾠdata	 ﾠpartition	 ﾠ(28S	 ﾠrRNA	 ﾠis	 ﾠdivided	 ﾠinto	 ﾠthree	 ﾠamplicons)	 ﾠand	 ﾠtotal	 ﾠ
length	 ﾠof	 ﾠalignment	 ﾠ
IA	 ﾠ(121)	 ﾠis	 ﾠfor	 ﾠimplied	 ﾠalignment	 ﾠunder	 ﾠparameter	 ﾠset	 ﾠ121;	 ﾠIA+Gb	 ﾠis	 ﾠfor	 ﾠimplied	 ﾠalignment	 ﾠ
trimmed	 ﾠwith	 ﾠGblocks;	 ﾠMuscle	 ﾠis	 ﾠfor	 ﾠMUSCLE	 ﾠmultiple	 ﾠsequence	 ﾠalignment;	 ﾠMuscle+Gb	 ﾠis	 ﾠfor	 ﾠ
multiple	 ﾠsequence	 ﾠalignment	 ﾠtrimmed	 ﾠwith	 ﾠGblocks	 ﾠ
	 ﾠ
	 ﾠ
18S	 ﾠ	 ﾠ 28Sa	 ﾠ 28Sbc	 ﾠ COI	 ﾠ TOTAL	 ﾠ
Unaligned	 ﾠ 1760-ﾭ‐1805	 ﾠ 832-ﾭ‐873	 ﾠ 1265-ﾭ‐1347	 ﾠ 654-ﾭ‐657	 ﾠ
	 ﾠ IA	 ﾠ(3211)	 ﾠ 1860	 ﾠ 1323	 ﾠ 1555	 ﾠ 669	 ﾠ 5407	 ﾠ
IA+Gb	 ﾠ 1676	 ﾠ 378	 ﾠ 1162	 ﾠ 626	 ﾠ 3842	 ﾠ
Muscle	 ﾠ 1818	 ﾠ 1046	 ﾠ 1409	 ﾠ 663	 ﾠ 4936	 ﾠ
Muscle+Gb	 ﾠ 1695	 ﾠ 609	 ﾠ 1212	 ﾠ 636	 ﾠ 4152	 ﾠ
	 ﾠ